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THE OPTOELECTRONICS DATA BOOK 


Few people in the electronics industry realize that optoelectronics technology has a history that precedes the invention of the 
integrated circuit. It is also a relatively unknown fact that Texas Instruments was a pioneer in the development 
and manufacture of some of the first optoelectronic components, viz infrared detectors and photovoltaic solar cells, back 
in 1957. 


During the past 21 years TI has continued to develop and build optoelectronic devices and assemblies for end applications in 
the space, military, computer, industrial, and consumer industries. T! opto devices have helped to revolutionize the industry 
and to make it easier for the design engineer to accomplish his job. 


In addition to offering the most experience, TI also provides the most complete line of standard opto products in the world. 
This ensures that design engineers can obtain more answers to questions involving circuitry and operating conditions by 
contacting TI. 


{f the most experience and the largest product line are not enough, TI also offers a locally based field sales engineering staff 
to assist design engineers. In most major cities throughout the U.S. and other countries there is a field sales engineer who has 
been trained as a specialist in opto products. His job is to provide the right product recommendations after considering all of 
the facts. 


To complete the service aspect, Tl has a world-wide distributor network that stocks almost 150 standard opto devices and 
assemblies. This means that design engineers can obtain fast delivery on small quantities required for initial circuit evaluation 
and purchasing departments can be assured of a local source of supply for production quantities. 


It is the purpose of this data book to better acquaint both engineers and buyers with Tl opto products and capabilities. It 
offers the user a categorized listing of optoelectronic data sheets, application reports, and product bulletins for more than. 
270 standard devices including 74 new types not included in the fourth edition of this data book. Each product section has a 
quick reference guide that lists the key electrical parameters and features for products in that section. 


To further assist the user, there is an interchangeability guide that lists more than 240 optoelectronics devices built by other 
manufacturers, along with the nearest Tl equivalent devices. There is also a glossary of optoelectronic terminology to answer 
questions on optoelectronic terms and phrases. 


We feel that this data book is the most complete publication of its kind. tt was compiled and edited with the objective of 
making your job easier. 
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OPTOELECTRONIC TERMS AND DEFINITIONS 





Introduction 


This glossary contains letter symbols, abbreviations, terms, and definitions commonly used with optoelectronic devices. 
Most of the information was obtained from JEDEC Publication No. 77A., 


Index to Glossary by Symbols and Abbreviations 


IC(on) 


Avalanche photodiode 
Demodulation bandwidth 
Irradiance 

Iuminance 

Modulation frequency 
Irradiance 

Off-state collector current 
On-state collector current 
Dark current 

Radiant intensity 

Forward current 

Light current 

Reverse current © 
Infrared-emitting diode 
Luminous intensity 
Radiance 

Luminance 

Light-emitting diode 
Photocurrent gaint 

Noise equivalent power (spectral density) 
Noise equivalent power (spectral density) 
Radiant flux or power output 
Radiant energy 

Luminous energy 

Radiant responsivity 
Luminous responsivity 
Steradian 

Delay time 

Fall time 

Radiant pulse fall time 
Radiant pulse rise time 

Rise time 

Storage time 

Forward voltage 
Visible-light-emitting diode 
Noise equivalent bandwidth 
Spectral bandwidth 
Half-intensity beam angle 
Wavelength at peak emission 
Radiant flux 

Luminous fiux 


tM is also the symbol} for luminous or radiant exitance; however, these terms are not used in this publication. 
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Units of Measurement pl 





Unit Symbol Note 
amperet A 
angstrom A 1A = 10-10 m= 10-4 um=0.1 nm 
candelat cd 1 cd = 1 Im/sr 
candela/foot2 cd/ft2 1 cd/ft2 = 10.76391 cd/m2 
candela/meter2t cd/m2 
degree Celsiust °C 

°K See K 

faradt F 
foot ft 1 ft = 0.3048 m (exactly) 
footcandle fc 1 fe = 1 Im/ft2 = 10.76391 Ix 
footlambert fL 1 fL = (1/n) cd/ft2 = 3.426259 cd/m2 
hertzt Hz 
inch in 1 in = 2.54 cm (exactly) 
kelvint K Formerly °K, degree Kelvin 
lambert L 1 L = 3183.099 cd/m2 
lument Im 
luxt Ix 1 ix = 1 Im/m2 
metert m 
mho mho 1mho=1S 
micron U The equivalent unit um is preferred 
mil mil 1 mil = 10-3 in = 0.0254 mm (exactly) 
nit nt 1 nt= 1 cd/m2 
ohmt Q 
phot ph 1 ph = 1 Im/em2 
secondt $ 
siemenst S 
steradiant sr 
stilb sb 1 sb = 1 cd/em2 
voitt V 
wattt W 


Tinternational System (S!) units, 


Metric Multipliers 


Many of the preceding unit symbols can be combined with the metric multipliers which follow. 





Symbol Prefix Multiple 
G giga 109 
M mega 106 
k kilo 103 
h hecto 102 
da deka 10 
d deci 10-1 
c centi 10-2 
m milli 10-3 
L micro 10-6 
n nano 10-9 
p pico 10-12 
f femto 10-15 
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Terms and Definitions 
Avalanche Photodiode (APD) 
A photodiode that is intended to take advantage of avalanche multiplication of photocurrent. As the reverse-bias 
voltage approaches the breakdown voltage, hole-electron pairs created by absorbed photons acquire sufficient 
energy to create additional hole-electron pairs when they collide with substrate atoms; thus a multiplication 
of signal current is achieved. 
NOTE: APD’s are especially suited for low-noise and/or high-speed applications. 


Axis of Measurement 


The direction from the source of radiant energy, relative to the mechanical axis, in which the measurement of 
radiometric and or spectroradiometric characteristics is performed. 


Beam-Lead Phototransistor 
A phototransistor chip with thick-film leads formed on the chip that project cantilever-style beyond the chip 
periphery for attachment to a separate substrate. 
NOTE: When assembled into arrays and mounted on a ceramic substrate, beam-lead phototransistor arrays offer 
accurate spacing on centers too close for conventional discrete packages and too far apart for monolithic arrays; 
see TI Bulletin CB-128 for further information. 

Brightness 
See Luminance 


Color Temperature 


The temperature of a blackbody having the same visible color as that of a given non-blackbody radiator. 
TYPICAL UNIT: K (formerly °K). 


Conversion Efficiency (of a Photon-Emitting Device) 
The ratio of maximum available luminous or radiant flux output to total input power. 

Dark Current (Ip) 
The current that flows through a photosensitive device in the dark condition. 
NOTE: The dark condition is attained when the electrical parameter under consideration approaches a value that 
cannot be altered by further irradiation shielding. 

Darlington-Connected Phototransistor 
A phototransistor the collector and emitter of which are connected to the collector and base, respectively, of a 
second transistor. The emitter current of the input transistor is amplified by the second transistor and the device 


has very high sensitivity to illumination or irradiation. 
GRAPHIC SYMBOL: 


™a 
™ 


NOTE: The base region(s) may or may not be brought out as (an)electrical terminal(s). 
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D-C Transfer Ratio (of an Opto-coupler) 





The ratio of the dc output current to the dc input current. 
Delay Time (tg) 


The time interval from the point at which the leading edge of the input pulse has reached 10% of its maximum 
amplitude to the point at which the leading edge of the output pulse has reached 10% of its maximum amplitude. 


Demodulation Bandwidth (B) 


The frequency interval in which the demodulated output of a photodetector, or a system including a 
photodetector, is not more than 3 dB below the midband output. Midband output is the output in the region of 
flat response or the average output over a specific frequency range. 


Electroluminescence 
The direct conversion of electrical energy into visible radiation. 
Fall Time (tg) 


The time duration during which the trailing edge of a pulse is decreasing from 90% to 10% of its maximum 
amplitude. 


Forward Current (IF) 


The current through a semiconductor diode when the p region (anode) is at a positive potential with respect to 
the n region (cathode). 


Forward Voltage (VF) 


The voltage across a semiconductor diode associated with the flow of forward current. The p-region is at a 
positive potential with respect to the n-region. 


Gain-Bandwidth Product (of an Avalanche Photodiode) 


The gain times the frequency of measurement when the device is biased for maximum obtainable gain. 


Half-Intensity Beam Angle (044) 


The angle within which the radiant intensity is not less than half of the maximum intensity. 


Hexadecimal Display 


A solid-state display capable of exhibiting numbers 0 through 9 and alpha characters A through F. 
NOTE: The TIL311 and T!L505 are hexadecimal displays each with an integral TTL circuit that will accept, store, 
and display 4-bit binary data. 


Wuminance (Illumination) (Ey) 


The luminous flux density incident on a surface; the quotient of the flux divided by the area of illuminated 


surface. 
TYPICAL UNITS: Im/ft2, Ix = Im/m2. 1 Im/ft? = 10.76391 Ix. 
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7 Infrared Emission 


Radiant energy that is characterized by wavelengths longer than visible red, i.e., about 0.78 um to 100 um. 





infrared-Emitting Diode (IRED) 
A diode capable of emitting radiant energy, in the infrared region of the spectrum, resulting from the 
recombination of electrons and holes. 


NOTE: TI manufactures GaAs and GaAlAs radiant-energy sources that emit in the 0.82-um to 0.94-um portion 


of the near-infrared region. These emitters are spectrally matched with T! silicon photodetectors. 
GRAPHIC SYMBOL: 


“ 


Irradiance (Ep, formerly H) 


The radiant flux density incident on a surface; the quotient of the flux divided by the area of irradiated surface. 
TYPICAL UNITS: W/ft2, W/m?. 1 W/ft? = 10.76391 W/m?. 


Light Current (IL) 


The current that flows through a photosensitive device, such as a phototransistor or a photodiode, when it is 
exposed to radiant energy. 


Light-Emitting Diode (LED) 


A diode capable of emitting luminous energy resulting from the recombination of electrons and holes, 
NOTE: In popular usage, this term is sometimes used for infrared-emitting diodes. 
GRAPHIC SYMBOL: 


= 


Luminance (Ly) (Photometric Brightness) 


The luminous intensity of a surface in a given direction per unit of projected area of the surface as viewed from 
that direction. 


TYPICAL UNITS: fL, cd/ft2, cd/m?. 1 fL = (1/m) cd/ft2 = 3.426259 cd/m?. 


Luminous Energy (Qy) 


Energy traveling in the form of visible radiation. 
TYPICAL UNITS: Im: s 


Luminous Flux (®y) 


The time rate of flow of luminous energy. 
TYPICAL UNIT: tm 


NOTE: Luminous flux is related to radiant flux by the eye-response curve of the International Commission on 
{Illumination (C/E). At the peak response (A = 555 nm), 1 W = 680 Im. 
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Luminous Intensity (ly) 


Luminous flux per unit solid angle in a given direction. 
TYPICAL UNIT: cd. 1 cd = 1 Im/sr. 


Luminous Responsivity (Ry) 
The quotient of the rms value of the fundamental component of the electrical output divided by the rms value of 


the fundamental component of the luminous flux of a specified distribution. 
TYPICAL UNITS: V/Im, A/tm 


Modulation Frequency (fmoq) 
The frequency of modulation of the luminous or radiant flux. 
Noise Equivalent Bandwidth (Af) 
The equivalent bandwidth of a flat (or white) sharp-cutoff noise spectrum, having the same maximum value and 
containing the same noise power as the actual broadband output noise power of the device or circuit. 
TYPICAL UNIT: Hz 


Noise Equivalent Power (Py, or NEP) 


The rms value of the fundamental component of a modulated radiant flux incident on the detector area that will 
produce a signal (voltage or current) at the detector output that is equal to the broadband rms noise (voltage or 
current). 

TYPICAL UNIT: W 

NOTE: The noise equivalent power equals the broadband output noise (voltage or current) divided by the 
responsivity (in volts/watt or amperes/watt). 


Noise Equivalent Power (Py or NEP) (Spectral Density) 
The noise equivalent power in a one-Hertz bandwidth at the detector output. 
TYPICAL UNIT: W/Hz% 
NOTE: The noise equivalent power spectral density equals the noise equivalent power divided by the square root 
of the noise bandwidth. 
Off-State Collector Current (IC(gff)) (of an Opto-coupler) 
The output current when the input current is zero. 
On-State Collector Current (IC¢(on)) (of an Opto-coupler) 
The output current when the input current is above the threshold level. 
NOTE: An increase in the input current will usually result in a corresponding increase in the on-state collector 
current. 
Optical Axis 
A line about which the radiant-energy pattern is centered. 


NOTES: 1. The radiant-energy pattern may be nonsymmetrical. 
2. The optical axis may deviate from the mechanical axis. 
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Opto-coupler (Optically Coupled Isolator, Photo-coupler) 
A device designed for the transformation of electrical signals by utilizing optical radiant energy so as to provide 
coupling with electrical isolation between the input and the output. 
NOTE: As manufactured by Texas Instruments, these devices consist of a gallium arsenide infrared-emitting 


diode and a silicon phototransistor and provide high-voltage isolation between separate pairs of input and output 
terminals. 


Optoelectronic Device 
A device that is responsive to or that emits or modifies coherent or noncoherent electromagnetic radiation in the 
visible, infrared, and/or ultraviolet spectral regions; or a device that utilizes such electromagnetic radiation for its 
internal operation. 

Photocurrent 
The difference between light current (I\_) and dark current (Ip) in a photodetector. 


Photocurrent Gain (M) (of an Avalanche Photodiode) 


The ratio of photocurrent at high bias voltage to that at low bias voltage. (See also avalanche photodiode 
definition). 


Photodetector, Photosensitive Device 
A device that is responsive to electromagnetic radiation in the visible, infrared, and/or ultraviolet spectral regions. 
Photodiode 


A diode that is intended to be responsive to radiant energy. 


GRAPHIC SYMBOLS: 
\\ \\ 


NOTE: The photodiode is characterized by linearity between the input radiation and the output current. It has 
faster switching speeds than a phototransistor. 


Photometric Axis 

See Axis of Measurement. 
Photometric Brightness 

See Luminance. 


Photon 


A quantum (the smallest possible unit) of radiant energy; a photon carries a quantity of energy equal to Planck’s 
constant (6.6262 X 10-34 joule/hertz) times the frequency. 
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Phototransistor 





A transistor (bipolar or field-effect) that is intended to be responsive to radiant energy. 
NOTE: The base region or gate may or may not be brought out as an external terminal. 


GRAPHIC SYMBOLS: 


“a 
S ~ 


Quantum Efficiency (of a Photosensitive Device) 


The fractional number of effective electron-hole pairs produced within the device for each incident photon. For 
devices that internally amplify or multiply the electron-hole pairs (such as phototransistors or avalanche 
photodiodes), the effect of the gain is to be excluded from quantum efficiency. 


Quantum Efficiency, External (of a Photoemitter) 
The number of photons radiated for each electron flowing into the radiant source. 
Radiance (Leg) 
The radiant intensity of a surface in a given direction per unit of projected area of the surface as viewed from that 


direction. 
TYPICAL UNIT: Wesr7'm72. 


Radiant Energy (Qe) 


Energy traveling in the form of electromagnetic waves. 
TYPICAL UNITS: Wes, J 


Radiant Flux or Power Output (®¢g or Po) 


The time rate of flow of radiant energy. 
TYPICAL UNITS: W 


Radiant Intensity (le) 


Radiant flux per unit solid angle in a given direction. 
TYPICAL UNIT: W/sr 


Radiant Pulse Fall Time (tg) 


The time required for a radiometric quantity to change from 90% to 10% of its peak value for a step change in 
electrical input. 


Radiant Pulse Rise Time (ty) 


The time required for a radiometric quantity to change from 10% to 90% of its peak value for a step change in 
electrical input. 


Radiant Responsivity (Re) 


The quotient of the rms value of the fundamental component of the electrical output divided by the rms value of 
the fundamental component of the radiant flux of a specified distribution. 
TYPICAL UNITS: V/W, A/W 
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Reverse Current (IR) 


The current through a semiconductor diode when the n region (cathode) is at a positive potential with respect to 
the p region (anode). 





Reverse Voltage (Vg) 


The voltage across a semiconductor diode associated with the flow of reverse current. The n region is at a positive 
potential with respect to the p region. 


Rise Time (ty) 


The time duration during which the leading edge of a pulse is increasing from 10% to 90% of its maximum 
amplitude. 


Series Resistance 


The undepleted bulk resistance of the photodiode substrate. 
NOTE: This characteristic becomes significant at higher frequencies where the capacitive reactance of the 
junction is of the same or lower magnitude compared to the series resistance. 


Spectral Bandwidth (AA) 
The wavelength interval in which the spectral concentration of a photometric or radiometric quantity is not less 


than half of its maximum value. 
TYPICAL UNITS: A, um, nm 


Steradian (sr) 


A unit of solid angular measurement equal to the solid angle at the center of a sphere subtended by a portion of 
the surface area equal to the square of the radius; there are 47 steradians in a complete sphere. The number of 
steradians in acone of full angle @ is 27 (1 — cos 0.58). 


Storage Time (ts) 
The time interval from a point at which the trailing edge of the input pulse has dropped to 90% of its maximum 
amplitude to a point at which the trailing edge of the output pulse has dropped to 90% of its maximum 
amplitude. 

Visible Emission 
Radiant energy that is characterized by wavelengths of about 0.38 ym to 0.78 um. 

Visible-Light-Emitting Diode (VLED) 
Synonym for Light-Emitting Diode. 
NOTE: Strictly speaking, the adjective ‘visible’ is redundant; however, this term is frequently used when there is 
a likelihood of confusion with infrared-emitting diodes. 


Wavelength at Peak Emission (Ap) 


The wavelength at which the spectral radiant intensity is maximum. 
TYPICAL UNITS: A, um, nm.1 A = 1074 um = 0.1 nm. 
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INTERCHANGEABILITY GUIDE 





This suggested replacement list represents what are believed to be pin-for-pin, mechanically and electrically interchange- 
able devices. However, T1 does not guarantee that replacements are exact in all respects. Therefore the applicable product 
data sheets should be used to determine product interchangeability. Your local TI sales office or authorized distributor 
will assist you in selecting the appropriate device for your application. 


PART TI PART TI 
NUMBER MANUFACTURER REPLACEMENT NUMBER MANUFACTURER REPLACEMENT 
4N25 4N25 1716R IEE TIL313 
4N25A TIL154 1716G 1EE TIL315 
4N26 4N26 1717 IEE TIL309 
4N27 4N27 1718 IEE TIL330 
4N28 4N28 1719 IEE TIL321A 
4N29A TIL156 1729 1EE TIL322A 
4N30 TIL113 1730 EE 4N41 
4N31 TIL119 1731 lEE TILSO4 
4N33 TIL113 1733 IEE TILSO7 
4N34 TIL113 1736 IEE TIL307 
209A industrial Electronic Engineers TIL209A 5082-4550 Hewlett-Packard §082-4550 
211 1€E TIL211 5082-4555 HP 5082-4555 
220 1EE TIL220 5082-4650 HP 5082-4650 
222 1EE TIL222 5082-4655 HP 5082-4655 
441-0002 Dialight Corp. TIL111 5082-4950 HP 5082-4950 
521-9189 Dialco TIL209A 5082-4955 HP 5082-4955 
521-9217 Dialco TIL220 5082-7730 HP 5082-7730 
551-0003 Dialco TIL112 5082-7731 HP 5082-7731 
745-0004 Dialco TIL304 5082-7732 HP 5082-7732 
745-0005 Dialco TIL305 5082-7740 HP 5082-7740 
745-0006 Dialco TIL302 
745-0007 Dialco TIL311 CM4-100 Chicago-Miniature TIL302 
745-0008 Dialco TIL308 CM4-101 cM TIL304 
745-0009 Diaico TIL306 CM4-110 cM TIL302 
745-0014 Dialco TIL312 CM4-111 cM TIL304 
745-0015 Diaico TIL327 CM4-5010 cM TIL142 
745-0016 Dialco TIL313 CM4-5020 cM THLA11 
1701 IEE TIL302 DLIA Litronix TIL302 
1702 1EE TIL303 DLi0 Litronix TIL302 
1703 IEE TIL304 DL10A Litronix TIL302 
1704 IEE TIL305 DLS57 Litronix TIL305 
1708 IEE TIL306 DL101 Litronix TIL304 
1706 1EE TIL308 DL101A Litronix TIL304 
1707 IEE TIL311 DL701 Litronix T1L327 
1710 IEE TIL327 DL707 Litronix TIL312 
1711 IGE TIL312 DL1001A Litronix TIL304 
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PART 
NUMBER 
ED123 
E0201 
ED730 
FCD810 
FCD810A 
FCD8108 
FCD810C 
FCD820 
FCD820A 
FCD820B 
FCD820C 
FCD825 
FCD825A 
FCD8258 
FCD825C 


FCD850 
FCO850C 
FCD855 
FCO85SC 
FCD860 
FCO860C 
FCD865 
FCD865C 


FLV110 
FLV111 
FLV112 
FLV117 
FLV118 
FLV119 
FLV150 
FLV 160 
FLV210 
FLV250 
FLV260 


FLV310 
FLV315 
FLV350 
FLV355 
FLV360 
FLV365 
FLV410 
FLV450 





MANUFACTURER 
Sprague 
Sprague 
Sprague 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 


Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 


Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 


Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 


Tt 
REPLACEMENT 
TIL220 
TIL302 
TIL113 
TiL111 
TiL111 
TIL114 
TIL124 
TIL111 
TIL111 
TIL116 
TIL125 
TIL116 
TIL116 
TIL116 
TIL126 


TIL113 
TIL125 
TIL113 
TIL127 
TIL113 
TIL127 
TIL113 
TIL127 


TIL228-1 
TIL221 

TIL230-1 
TIL220 

TIL221 

TiL230-1 
TIL228-1 
TIL228-1 
TIL228-2 
TIL228-2 
TIL228-2 


TIL234-2 
TIL234-2 
TIL234-2 
TIL234-1 
TIL234-2 
TIL234-1 
TIL224-2 
TIL224-2 


PART 
NUMBER 
FLV455 
FLV460 
FLV465 
FND500 
FND507 
GL4850 
H11A1 
H11A2 
H11A3 
H11A4 
H11A5 
H11A520 
H11A590 
H11B2 
H11B3 


1L1 

ILS 

IL12 

1L15 
LISA600 
LISAX601 
LISAX604 


MANIA 
MAN2 
MAN2A 
MAN10 
MAN10A 
MAN71 
MAN72 
MAN73 
MAN101 
MAN101A 
MAN1001 
MAN1001A 


MCA7 
MCA8 
MCA81 
MCA230 
MCA231 
MCT2 
MCT2E 
MCT8 
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MANUFACTURER 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Litronix 
General Electric 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 


Litronix 
Litronix 
Litronix 
Litronix 
GE 
GE 
GE 


Monsanto 
Monsanto 
Monsanto 
Monsanto 
Monsanto 
Monsanto 
Monsnato 
Monsanto 
Monsanto 
Monsanto 
Monsanto 
Monsanto 


Monsanto 
Monsanto 
Monsanto 
Monsanto 
Monsanto 
Monsanto 
Monsanto 
Monsanto 
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Ti 
REPLACEMENT 
TIL224-1 
TIL224-2 
TIL224-1 
TIL322A 
TIL321A 
TIL322 
TIL 117 
TIL112 
TIL114 
TILG11 
TIL116 
TIL125 
TIL126 
TIL113 
TIL119 


TiL194 
TIL117 
TIL441 
TIL112 
LS400 

TIL6O4 
TIL604 


TIL302 
TIL305 
TIL305 
TIL302 
TIL302 
TIL312 
TIL312 
TIL327 
TIL304 
TIL304 
TIL304 
TIL304 


TIL149 
TIL143 
TIL144 
TIL113 
TIL113 
MCT2 

MCT2E 
TIL143 
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PART Tl PART Tt 
NUMBER MANUFACTURER REPLACEMENT NUMBER MANUFACTURER REPLACEMENT 
MCT26 Monsanto THL111— OP600 Optron LS600 
MCT81 Monsanto TIL144 OP601 Optron TIL601 
MLED650 Motorola TIL220 OP602 Optron TIL602 
MLED655 Motorola TIL220 OP603 Optron TIL603 
MLED910 Motorola TIL23 OP604 Optron TIL604 
MLED930 Motorola TIL31 OP640 Optron LS600 
MOC1000 Motorola TIL116 OP641 Optron TIL601 
MOC1001 Motorola TIL116 OP642 Optron TIL602 
MOC1002 Motorola TIL116 OP643 Optron TIL603 
MOC1003 Motorola TIL136 OP644 Optron TIL604 
MOC1100 Motorola TIL113 OP800 Optron TIL81 
MOC1200 Motorola TIL113 OP801 Optron TIL81 
MOC2000 Motorola TIL107 OP802 Optron TIL81 

OP803 Optron TIL81 
MRD601 Motorola TIL601 OP804 Optron TIL81 
MR D602 Motorola TIL602 
MRD603 Motorola TIL6E03 RL2000 Litronix TIiL228-1 
MR D604 Motorola TIL604 RL4403 Litronix TIL220 
MV5021 Monsanto 5082-4655 RL4850 Litronix TIL220 
MV5022 ‘Monsanto . 5082-4655 RLS5054-1 Litronix TIL228-1 
MV5023 Monsanto 5082-4655 RL5054-2 Litronix TIL228-2 
MV5024 Monsanto TIL228-2 RL5054-5 Litronix TIL228-1 
MV5026 Monsanto TIL220 SD-2440-1 Spectronics TIL601 
MvV5051 Monsanto TIL220 SD-2440-2 Spectronics TIL602 
MV5052 Monsanto TIL231-1 $D-2440-3 Spectronics TIL603 
MV5053 Monsanto TIL220 SD-2440-4 Spectronics TIL604 
MV5054-1 Monsanto TIL228-1 SE-2450-1 Spectronics TIL23 
MV5054-2 Monsanto TIL228-1 SE-2450-2 Spectronics TIL23 
MV 5054-3 Monsanto TIL228-2 SE-2450-3 Spectronics TIL25 
MV5074B Monsanto TIL216-1 SE-2460-3 Spectronics TIL25 
MV5075B Monsanto TIL216-1 SE-24604 Spectronics TIL24 
MV5253 Monsanto TIL234-1 SE-5450-1 Spectronics TIL31 
MV5274B Monsanto TIL232-1 SE-5450-2 Spectronics TIL31 
MV5353 Monsanto TIL224-1 SE-5450-3 Spectronics TIL31 
MV53748 Monsanto TIL212-2 SE-5451-1 Spectronics TIL31 

SE-5451-2 Spectronics TIL31 
NSN71L National TIL312 SE-5451-3 Spectronics TIL31 
NSN71R National TIL312 
NSN5020 National TIL221 STPT40 Sensor-Technology LS400 
OP122 Optron TIL23 STPT60 Sensor-Technology LS600 
OP 123 Optron TIL23 XAN71 Xcitron TIL312 
OP124 Optron TIL24 XAN72 Xcitron TIL312 
OP131 Optron TIL31 XC209 Xcitron TIL209A 
OP400 Optron LS400 YL4850 Litronix TIL224-1 
OP440 Optron LS400 
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INFRARED EMITTERS 
QUICK REFERENCE GUIDE 








FEATURES 










Low-cost header with epoxy lens 
Hermetically sealed TO-18 package 
Low-cost plastic package 


s 5 
178°| 19 35 | 0.94) 
5 [0.94] 
0.94 | 
}0.94|Hermetically sealed TO-18 package 
[0.94 
0.94 


1.7 100 





Hermetically sealed TO-18 package 
Low-cost epoxy package 


Single element 














20 
20 
20 
20 i 4-element array 





2-element array 
3-element array 


20 5-element array 
20 | 0: 6-element array 
20 | 0: 7-element array 
20 | 0: 8-element array 
20 | 0: 9-element array 
20 | 0: 10-element array 


tHigh-reliablity versions (TIL23HR, TIL24HR, TIL25HR) arc also available. 
Foutput per element 
For additional infrared emitters, see the Special Electro-optical Components section of this book. 
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TYPES TIL23, TIL24, TIL25 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES 


BULLETIN NO. DL-S 11312, FEBRUARY 1970—REVISED JANUARY 1976 





DESIGNED TO EMIT NEAR-INFRARED 
RADIATION WHEN FORWARD BIASED 


© Output Spectrally Compatible with Silicon Sensors 
© High Power Efficiency, Typically 1.5 Percent at 25°C 





e High Power Output, Typically 2.0 mW at 25°C 
© Small Size Permits Matrix Assembly Directly into Printed Circuit Boards 


© High Radiant Intensity, Typically 7 mW/sr for TIL24 


mechanical data 


ERAMIC 
1,702 (0.067) 0,254 + 0,026 


1,600 (0.063) Nel (0.010 + 0.001) 
1,575 (0.062) 2,337 (0.092) 


1,473 (0.058) 2,133 (0.084) 


a 


RAD 


0,254 (0.010) 2—CATHODE 


0.127 (0.005) 0.49 me ee feo-0,510 (0.024) 


2.235 (0.088) 9.49 (0.019) a 
2,083 (0.082) 0,23 (0.009) Ape 


3,43 (0,135) 
3,10 (0.122) 


4 TIMES 
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES ACTUAL SIZE 





absolute maximum ratings 


Reverse Voltage at 25°C Case Temperature fee a RO A ee a te Saat OR Hs ERR. AS eel a BD EDR 2V 
Continuous Forward Current at 25°C Case Temperature (See Note 1) . ......2..2... +. . =. 100mA 
Operating Case Temperature Range Wu Ase las at ea gb WE na, ek da oo dh eis ed ee S657 OC 10-4125°R 
Storage Temperature Range Sete vantae ae SO, to Oe PRO 8 es ai oa ok Ge Ge e=6O2C 10 150°C 
Soldering Temperature (3 Minutes) . 2. 2 1. 1 we ee ee ee ee ee eee ee ee we ee 6 240°C 


t Radiant intensity is calculated from Ig = PoO/2n(1—cos 0.56,4;). One steradian is the solid angle at the center of a sphere subtended by a 
portion of the surface area equal to the square of the radius of the sphere. There are 47 steradians in a complete sphere. 


NOTE 1: Derate linearly to 125°C case temperature at the rate of 1 mA/°C. For pulsed operation at higher currents, see Figures 8 and 9. 
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operating characteristics at 25°C case temperature 


TIL23 TIL24 IL2 
PARAMETER TEST CONDITIONS Le UNIT 
MIN TYP MAX| MIN TYP MAX{ MIN TYP MAX 


Po Radiant Power Output eS 
Ap Wavelength at Peak Emission 915 940 975 | 915 940 975 | 915 940 975 | nm | 
i Ip =50mA 50 Pinm | 


Ad Spectral Bandwidth 
6p Half-Intensity Beam Angle 
Ve Static Forward Voltage 


5075 
ci eee 
Hee = EW 





TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


1.2 

Output of Tungsten 
1.0 reac nN -|___ Source at 2870 K 
0.8 Lee | . | 






Relative Spectral Response or Output 


0.6 
Output of 

/ | TIL23 

0.4 TIL24 
¥ TIL25 Response of 
Silicon 
: NE a NE 
0 aS N 
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 


A—Wavelength—-um 


FIGURE 1 





176 
30 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


778 


TYPES TIL23, TIL24, TIL25 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES 


TYPICAL CHARACTERISTICS 


RELATIVE PHOTON INTENSITY RELATIVE POWER OUTPUT 
vs vs 
ANGULAR DISPLACEMENT CASE TEMPERATURE 





(SRE NS SC 
eS See ee 








Relative Photon intensity 
Relative Power Output . 
° 
Nu 








| Sree om t 
Gel Se ees ns oe 





0.01 
-75 -50-25 0 25 50 75 100 125 
6—Angular Displacement To—Case Temperature—C 
FIGURE 2 FIGURE 3 
CHANGE IN WAVELENGTH OF PEAK INTENSITY RELATIVE POWER OUTPUT 
vs vs 
CASE TEMPERATURE FORWARD CURRENT 


Te = 25°C 
See Note 2 


AAp—Wavelength Change from Value at Tc = 25°C—nm 
Relative Power Output? 





-75 -50 -25 0 25 50 75 100 125 *"10 20 40 70100 200 400 1000 
To—Case Temperature—C I-—-Forward Current—mA 
FIGURE 4 FIGURE 5 


NOTE'2: These parameters must be measured using pulse techniques: ty = 0.04 ms, duty cycle < 10%. 
$ Normalized to output at Ip = 50 mA, Tc = 25°C. 
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TYPES TIL23, TIL24, TIL25 


P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES 


TYPICAL CHARACTERISTICS 


TIL23 
FORWARD CONDUCTION CHARACTERISTICS 


1-—Forward Current—mA 


Output Current—mA 





09 1.0 1.1 1.2 1.3 1.4 1.5 
Ve—Forward Voltage—V 


FIGURE 6 


COUPLING CHARACTERISTICS OF TIL23, TIL24, AND 
TIL25 WITH TIL602, TIL606, T!L610, OR TIL614 


100 
70 


40 







TIL602, 
; TIL606, 
|| TiL25 TIL610, 
ip =50 mA TIL614 







20 & 










- 2S 
PSE 
ERO ee 

HT NAAT 


y BB 
THI SSE 

















fe esl BRAN! 
ee | | INN 
TE a ECISN 
0.1 NY 
0.01 0.02 0.04 0070.1 0.2 04 07 


Distance Between Lenses—in 


FIGURE 7 


NOTE 2: These parameters must be measured using pulse techniques: ty, = 0.04 ms, duty cycle < 10%. 





THERMAL CHARACTERISTICS 


MAXIMUM PULSE WIDTH 
vs 
FORWARD CURRENT 


Maximum Duty Cycle—% 


Maximum Pulse Width—ms 





200 
i pF orward Current—mA 


300 


FIGURE 8 





MAXIMUM DUTY CYCLE 
vs 
FORWARD CURRENT 











100 200 
te—Forward Current—mA 


400 


FIGURE 9 
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: TYPE TIL26 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE 


BULLETIN NO, DL-S 11574, MARCH 1974—REVISED MARCH 1976 





NOT RECOMMENDED FOR NEW 


FOR NEW DESIGN, USE TIL31 





mechanical data 


BOTH LEADS ELECTRICALLY INSULATED FROM CASE 


0,483 (0.019} 
0,406 (0.016) DMA 
2 LEADS 


1,346 (0.063) 


8,01 10.187) 014 1,194 (0.047) 4.350.171) og 


4,76 (0.187) Cc 4,09 (0.161) 
yt 


2,47 (0.097) 
2.21 (0.087) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature bee is ee BO le eal Ba ar 2M 
Continuous Forward Current at (or below) 25°C Free- Air sreriparatire (See Note) woe ee ee wl ew ee BOMA 
Operating Free-Air Temperature Range . . . 2 2 1 we eee ee ee ee ew ee 40°C to 80°C. 
Storage Temperature Range . . . tee ee ew ee eee =40°C tO B5'C 
Lead Temperature 1,6 mm (1/16 linch) freri Case for 10 sicnnee= ue he le. ee Ode oh ee <n cat ee AE 


operating characteristics at 25°C free-air temperature 


MIN TV MAX [UNIT 
lp = 95 mA nm_| 


VE Static Forward Voltage 












io] |» IS 
© ojo 


NOTE: Derate linearly to 80°C free-air temperature at the rate of 0.91 mA/°C. 
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TYPE TIL26 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE 





TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


Output of Tungsten 
Source at 2870 K 





Response of 
Silicon 


Relative Spectral Response or Output 











ace 
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.4 1.2 
A~Wavelength—um 
FIGURE 1 
RELATIVE POWER OUTPUT 
vs 
FORWARD CONDUCTION CHARACTERISTICS FORWARD CURRENT 
Pog ; 
| ft 
2 2 
ee : 
3 he 
oO oa 
a 3 
oa a 
alee : 
uw 3 
| o 
core ae oe : 
0 0.2 #04 O06 O08 10 12 14 146 
Ve—Forward Voltage—V I -—Forward Current—mA 
FIGURE 2 FIGURE 3 
TThis curve normalized to output at Ip = 35 mA, Ta = 25°C. 
374 
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TYPES TIL31, TIL33, TIL34 
P-N) GALLIUM ARSENIDE INFRARED-EMITTING DIODES 
BULLETIN NO. DL-S 12209, NOVEMBER 1974—-REVISED MARCH 1976 
DESIGNED TO EMIT NEAR-INFRARED RADIATION WHEN FORWARD BIASED 
o Output Spectrally Compatible with Silicon Sensors 
© Mechanically Compatible with TIL81 


e Typical Applications Include Card Readers, Encoders, 
Intrusion Alarms, Sector Sensors, Level Indicators, 
and Beginning-of-Tape/End-of-Tape Indicators 


mechanical data 


Each device is in a hermetically sealed welded case similar to JEDEC TO-18 with window. The TIL31 and TIL34 have 
convex lenses while that of the TIL33 is essentially flat. A coin header is used to increase dissipation capability. All 
TO-18 registration notes also apply to this outline. Approximate weight is 0.35 gram. All metal surfaces are gold plated. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


5,34 (0.210) 3eaps 0:483 (0,019) DIA NOTES: 
4,32 (0.170) 0,406 (0.016) 


2,54 (0.100) DIA a. All linear dimensions are in milli- 
meters and parenthetically in 
inches, 


3~ANODE 


b. The window is Corning 7052 


4,96 (0.195) ; 
glass or equivalent, 


4,52 (0.178) 
DIA 


5,B4 (0.230) eae or (0.500) 2—NC 


5,37 (0.209) MIN 1-CATHODE 
WINDOW 
(See Note c) 


1,22 (0.048) ©. Window dimensions are: 
0,71 (0.028) Minimum diameter .. 3,5 (0.140) 
Maximum extension from top 
of case 

eiiaa TIL31 and TIL34.., 1,02 (0.040) 
NC— NO INTERNAL CONNECTION 69710036) TIL33.......40.+4 9,26 (0.010) 





absolute maximum ratings 


Reverse Voltage at 25°C Case Temperature oS es we be tay Silat wee <B> vee Gio yes “eo earn ey a? Seow 
Continuous Forward Current at 25°C Case Pomparatue (See Note 1) fee) ated Bao Hela wee. 200 MA 
Operating Case Temperature Range Ob Gb awe beaver Ee EEA Re eee SBC 150°C 
Storage Temperature Range = oe ee ee ew ee we e)~=665°C to 150°C 
Lead Temperature 1,6 mm (1/16 Inch) frre Gace for 10 seconde: Bee ke Vp an aN Nee ck Dea Stee AO 


operating characteristics at 25°C case temperature 


TIL31 TIL33 TIL34 
PARAMETER TEST CONDITIONS 


ele 

| Po Radiant Power Output | ae ae ee ee 

| Ap Wavelength at Peak Emission | Wavelength at | Ap Wavelength at Peak Emission | Emission fois 940975 | 975 ee 
| SA SpectralBandwidth «| Ip = 100 mA 

















Ar | AA Spectral Bandwidth Bandwidth 
Sal Her ens Seer Soo | 8441 Half-Intensity Beam Angle | Intensity Beam Angle 


[ve See Fereesvo — tate [44 tae] Vv 


Tt Radiant intensity is calculated from Ig = P0O/2n(1—cos 0.56141). One sterdian is the solid angle at the center of a sphere subtended by a 
portion of the surface area equal to the square of the radius of the sphere. There are 47 steradians in a complete sphere. 

t Radiant pulse rise time is the time required for a change in radiant intensity from 10% to 90% of its peak value for a step change in current; 
radiant pulse fall time is the time required for a change in radiant intensity from 90% to 10% of its peak value for a step change in current. 

NOTE 1: Derate linearly to 150°C case temperature at the rate of 1.6 mA/c. 
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TYPES TIL31, TIL33, TIL34 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES 





TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


Output of Tungsten 


Output of 
TIL31, 
TIL33, 


ores Response of 


Siticon 


Relative Spectral Response or Output 





A—Wavelength—um 





FIGURE 1 
RELATIVE POWER OUTPUT RELATIVE POWER OUTPUT CHANGE IN WAVELENGTH AT PEAK EMISSION 
VS vs vs 
CASE TEMPERATURE FORWARD CURRENT a CASE TEMPERATURE 
(3) 
st ae bs %e 
If = 200 mA = 5 
Ip = 150 mA 4 r 
Pos a 
% 5 3 
3 3 3 
is) ° E 
° 
& ; 
a o 07 i 
3 & £ 
& So . 
rm en co 
c faa 2° 
2 
0.2 $ 
i 
0.1 gq 
10 40 100 400 1000 
Tco—Case Temperature—"C I p—Forward Current—mA Tco—Case Temperature—°C 
FIGURE 2 FIGURE 3 FIGURE 4 
TIL31, TIL34 TIL33 
RELATIVE RADIANT INTENSITY RELATIVE RADIANT INTENSITY 
vs vs FORWARD CONDUCTION CHARACTERISTICS 
ANGULAR DISPLACEMENT ANGULAR DISPLACEMENT 100 






eee aE ae ed 
| carer ff | 
Fava eg OR es 
Me aire 
en ar ee 
| | | fA fe te--a0%e 


To = 25°C 


80 
80 










Relative Photon Intensity 
Optical Axis 
Relative Radiant Intensity 
1p—Forward Current—mA 
a 
o 











0 0 
10° «55° o° 865° 10° 18° 120° 80° ig 09 41.0 19 12 13°14 15 16 147 
0—Angular Displacement ea Disptacement Ve—Forward Voltage—V 


FIGURE 5 FIGURE 6 FIGURE 7 


15 


NOTE 2: This parameter must be measured using pulse techniques. ty, = 0.04 ms, duty cycle < 10%, 
+Normalized to output at lp = 10 mA, To = 25°C. 
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_ TYPE TIL32 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE 


BULLETIN NO. DL-S 11542, SEPTEMBER 1971—REVISED SEPTEMBER 1978 





DESIGNED TO EMIT 
NEAR-INFRARED RADIATION 
WHEN FORWARD BIASED 
e Output Spectrally Compatible with Silicon Sensors 
e High Power Efficiency ... Typically 5 Percent at 25°C 
e High Power Output... Typically 1.2 mW at 25°C 
e High Radiant Intensity ... Typically 4 mW per Steradiant 


e@ Plastic Package with Two Leads for Ease of Handling 





mechanical data 


This device has a gray-tinted molded plastic body. 


1,27 (0.050) MIN 


14,5 (0.570) MIN. eee 
5,34 (0.210) 0,610 (0.024) 
4,82 (0.190) 0.457 (0.018) SCUARE IDENTIFICATION 


2 LEADS 


—) 
ANODE 1,40 (0.055) 
,07 (0.160) 7,14 (0.045) 


3,81 (0.150) (See Note c} 4,07 (0.160) 
3,175 (0.125) ni 3,55 (0.140) O/* 
2,997 (0.118) 
(See Noteb) NOTES: a. All dimensions are in millimeters and parenthetically in inches. 
b. This diameter is measured 0,127 mm (0,005 inches) from the shoulder. 


c, Lead spacing is measured where the leads emerge from the package. 


CATHODE 





absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature 
g 


Continuous Forward Current at (or below) 25°C Frée-Air Temperature (See Note 1) bo aa, wee wee @ SOMA 
Operating Free-Air Temperature Range . 2... 1. ee ee ee —40°C to 100°C 
Storage Temperature Range... ww ee ee ee ee ee ee) 40°C to 125°C 
Lead Temperature 1,6 mm (1/16 Inch) from Case for5 Seconds. - . -- - ee ee eee ee ee 240°C 


operating characteristics at 25°C free-air temperature 


[PARAMETER __—SSS~SSCS*d;SCTEST CONDITIONS _[MIN_TYP_MAX [UNIT 
mil 
915940975] nm 
If = 20 mA [5075 | am 
ee eee local 














t Radiant intensity is calculated from 1g = Po/2n(1—cos 0.56 44)). One steradian is the solid angle at the center of a sphere subtended by a 
portion of the surface area equal to the square of the radius of the sphere. There are 4m steradians in a complete sphere. 
Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in 


current; radiant pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change 
in current. 


NOTE 1: Derate linearly to 100°C free-air temperature at the rate of 0.53 mA/°C. 
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TYPE TIL32 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE 





TYPICAL CHARACTERISTICS 
RELATIVE SPECTRAL CHARACTERISTICS 


_ R fH E - se een I Linea 





Output of 
TIL32 


Response of 
Silicon 
Phototransistors 


Relative Spectral Response or Output 





KZveayslengthoaei 



























































FIGURE 1 
RELATIVE POWER OUTPUT RELATIVE een OUTPUT CHANGE IN WAVELENGTH OF PEAK INTENSITY 
vs VS 
FREE-AIR TEMPERATURE FORWARD CURRENT E FREE-AIR TEMPERATURE 
4 (3) 
ta=rc | | | J TTI 2 
a 
= : 
2 a 
*% Bn 8 
2 a 3 
5 5 s 
° 1 ro) > 
$s b E 
3 07 3 £ 
o a a 
2 04 e 5 
s 3 & -10 
£ 
id a & 
0.2 3 -20 
& 
7 
01 oa ~30 
-50 ~25 0 25 50 75 100 q ~60 -25 0 2 50 75 100 
Ta—Free-Air Temperature—°C \p—Forward Current-mA Ta—Free-Air Temperature—"C 
FIGURE 2 FIGURE 3 FIGURE 4 
RELATIVE PHOTON INTENSITY 
VS 
COUPLING CHARACTERISTICS FORWARD CONDUCTION CHARACTERISTICS 
ANGULAR DISPLACEMENT OF Tikss WitH THL78 ‘sg 
See Note 2 
SOURCE H}—} H 90 +—+ 
TIL32 t-— 80 Ta75 
és Ip =20mA < 
s < f 70 
5 g § = 60 
E 5 3 
53} ~ £ © 50 
i} < 3 P 
£ iS} 13) oS 
i = s z 40 
£ = g tg 
3 : es ie a! 
20 
0.1 0 
50° 40° 30° 20° 10° 0 10° 20° 30° 40° 50° 0.01 0.02 0.046 0070.1 02 04 074 0.9 
6—Angular Displacement ; Distance Between Lenses—in VF—Forward Voltage—V 
FIGURE 5 FIGURE 6" FIGURE 7 


NOTE 2: This parameter must be measured using pulse techniques: ty, = 0.04 ms, duty cycle < 10%. 
Normalized to Output at Ip = 20 mA, Ta = 25°C. 
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TYPE TIL38 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE 


BULLETIN NO. OL-S 12632, OCTOBER 1978 





DESIGNED TO EMIT NEAR-INFRARED 
RADIATION WHEN FORWARD BIASED 

e Output Spectrally Compatible with Silicon Sensors 

e High Power Efficiency ... Typically 8.5 Percent at 25°C 

e@ High Power Output... Typically 12 mW at 100 mA 

e High Radiant Intensity . . . Typically 15 mW/srt at 100 mA 





e@ Low-Cost Epoxy Package 


mechanical data 
This device has a gray-tinted molded plastic body. 


CATHODE 


IDENTIFICATION 


8,89 (0.350) 19.0 (0.750) MIN 


8,38 (0.330) 
1,27 (0.050) MIN 2,67 (0.105) 
CATHODE 2,41 (0.095) 


§,08 (0.200) 
4,82 (0.190) mle ANODE 


0,559 (0.022) | 


2 SQUARE LEADS ——————— 
7,75 (0.305) | 0,457 (0.018) 


7,49 (0.295) 
6,10 (0.240) 
5,59 (0.220) oe 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Reverse Voltage 2) 22% Saws a ed “ae we Ss el we Me SP a ee Gee ee oe De ee ee oe BM 
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) woe ee ew ew ew we 6150 MA 
Peak Forward Current (See Note 2)... 2 1. ek ee ee ee ee ee ee ew 2A 
Operating Free-Air Temperature Range... . 2. ee ee ee ee eee ee ee 55°C to 100°C 
Storage Temperature Range. ww we ee eee ee . 85°C to 100°C 
Lead Temperature 1,6 mm (1/16 Inch) from Case for 3Seconds  . . . 1. ee ee ee ee ee es 260°C 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX |} UNIT 
Po Radiant Power Output 
A Wavelength at Peak Emissio 
ie AGA “Bee hiates 
Ar Spectral Bandwidth Between Half-Power Points 
6H; Emission Beam Angle Between Haif-intensity Points 


Ve Static Forward Voltage 








Ip = 100 mA, See Note 3 1.4 1.75 
IF=1A, tw = 10 us, Vv 
duty cycle < 1% 


tr Radiant Pulse Rise Timet+ lpm=20mA, tw=2us, ae eee 
tf Radiant Pulse Fall Time? f = 45 kHz 


tRadiant intensity is measured over 0.01 steradian on the mechanical axis. One steradian is the solid angle at the center of a sphere subtended by 
a portion of the surface area equal to the square of the radius of the sphere, There are 4 m steradians in a complete sphere. 













f Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in 
current; radiant pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change 
in current. 

NOTES: 1, Derate linearly to 100°C free-air temperature at the rate of 2 mA/*C. 

2. This value applies for tw © 10 ys, f < 1 kHz. See Figure 1. 
3. These parameters must be measured using pulse techniques. ty, = 10 ms, duty cycle < 1%. 
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TYPE TIL38 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE 





!p—Forward Current—A 


ABSOLUTE MAXIMUM RATINGS 
PEAK FORWARD CURRENT 


vs 


PULSE WIDTH 








l=Mm—Peak Forward Current—A 
ro) 
~ 
mimes 
+4 
+4 
Bete 








0.1 


1 us 10 ys 


si at 


I us 








At 


1 ms 


ty—Pulse Width 
FIGURE 1 





TYPICAL CHARACTERISTICS 


FORWARD CONDUCTION CHARACTERISTICS 





0 O58 1.0 
Vp—Forward Voltage—V 


15 2.0 2.5 30 3.5 4.0 


FIGURE 2 


le—Radiant Intensity—mW/sr 


RADIANT INTENSITY 
vs 
PEAK FORWARD CURRENT 










tw = 10 us 
f=1kHz 
TA = 25°C 
See Note 4 






ae am a 
i en 
(a 


0 0.2 0.4 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
l—-—Peak Forward Current—A 


FIGURE 3 


NOTE 4: Radiant intensity is measured over 0.01 steradian on the mechanical axis. 
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TYPES TIL41 THRU TIL50 
GALLIUM ARSENIDE INFRARED-EMITTING DIODE ARRAYS 


BULLETIN NO, OL-S 12230, NOVEMBER 1974—REVISED SEPTEMBER 1978 





DESIGNED TO EMIT NEAR-INFRARED RADIATION WHEN FORWARD BIASED 
e Single Element or Arrays from 2 to 10 Elements 
e Recommended for Application in Tape and Card Readers 
e Spectrally Matched to TIL621 thru TIL630 Sensor Arrays 
© Center-to-Center Spacing of 2,54 mm (0.100 Inch) 


TiL41 | TiLa2 | TILAs TiLa6 | TIL47 TIL49 
Pwuwocnorstemenrs| 1 | ? [a | « [ste }7ts fs |. | 





mechanical data 


Each device has an orange molded transparent epoxy body with silver-plated leads. 


oO 5° NOM 
2,72 (0.107) —t 3,5 (0.138) 


272 (0.00) 3,00 (0.118) ae 
2,46 (0.097) 2.36 (0,003) 2.49 (0.098) 


1,85 (0.073) 


. 0,178 (0.007) 
CATHODE 1,42 (0.056) 0,127 (0.005) 
1,17 (0.046) 


s° 4,02 (0.158) 
TIL41 SINGLE ELEMENT NOM 2,99 (0.118) 


TOP AND SIDE VIEWS 2,54 + 0,51 


(0.100 + 0.020 
( t 1g G 


TIL41-TIL50 


1,52 (0.060) NOM DIA EACH LENS 2,36 (0.093) 


IA 1,85 (0.073) 


1,27 (0.050) 
MAX 2,54 (0.100) 0,661 (0.026) 


18 PLACES 0,457 (0.018) 0,533 (0.021) 
G@ — & (See Note b) 0,330 (0.013) 
TILSO 10-ELEMENT ARRAY 
TOP AND SIDE VIEWS 


NOTES: a. All linear dimensions are in millimeters and parenthetically in inches. 
b. Each pin centerline is located within 0,26 mm (0.010 inch) of true longitudinal position. 





absolute maximum ratings 





Reverse Voltage at 25°C Free-Air Temperature . . be i ib. en gah an at Say Se ae dae de ed fer J ge at 2V 
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) ide 32 ao ws a eee  - 4O:MA 
Operating Free-Air Temperature Range... . ee ee ee ee ee ee ee ee ws 640°C to 80°C 
Storage Temperature Range. 2. 1. ee ee ee ee ee ee ee ee) 640°C to 100°C 
Lead Temperature 1.6 mm (1/16 Inch) below Seating Plane for3Seconds . . ....... 26+... 240°C 
NOTE 1: Derate linearly to 80°C free-air temperature at the rate of 0.73 mAPC. 
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TYPES TIL41 THRU TIL50 
GALLIUM ARSENIDE INFRARED-EMITTING DIODE ARRAYS 





operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT 
Po Radiant Power Output (See Note 2) (oS 1.2 | 
Ap Wavelength at Peak Emission 915 940 975 
le = 20mA 





at 98 
Tin Static Reverse Current SSS Vit 00 | 





NOTE 2: The single elements only are available in the following selected categories of radiant power output: 


TIL41-l TIL41-11 TIL41-H01 TIL41-IV 





Po Radiant Output Power| te = 20 mA 035 0.7 OS = | 0.7 1.4 | 42 | mw 


t Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in 
current; radiant pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change 














in current, 
TYPICAL CHARACTERISTICS 
12 RELATIVE SPECTRAL CHARACTERISTICS 
~ Output of Tungsten 
208 \ 
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— 06 
Seer or aa 180 ea 
& 0.4 ‘ ZN Z N eo deed 
ev 
ee hc | Ne 
7 0.2 LH qe Z\ 
0 wen er I Te eo ae =I 
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 
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FIGURE 1 
RELATIVE PHOTON INTENSITY 
vs RELATIVE POWER OUTPUT 
ANGULAR DISPLACEMENT vs 
30° 20101020 30° FORWARD CURRENT 
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E 
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+ 
® 
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a 
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Ip—Forward Current—-mA 
FIGURE 2 FIGURE 3 
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MEASURING THE OUTPUT OF 
INFRARED-EMITTING AND LIGHT-EMITTING DIODES 





MEASURING THE OUTPUT OF INFRARED-EMITTING 
AND LIGHT-EMITTING DIODES 


Ronald D. Grotti and Larry D. Major 
Optoelectronics Department 


Making accurate radiant-energy measurements involves, if 
not a little black magic, at least a relatively complicated 
commercial instrument and a skilled operator. However, the 
increased use of infrared-emitting diodes (IRED’s) and 
light-emitting diodes (LED’s) as a precision system 
component has necessitated the development of equipment 
suitable for measuring radiant energy from IRED’s and 
LED’s in the designer’s lab, in the quality control lab, and 
on the production line. This equipment must be easy to 
use, provide the necessary accuracy, be calibratable, and be 
inexpensive. 

To develop such equipment requires the selection of a 
suitable photodetector and the development of the proper 
calibration and operation procedures. This report describes 
a method that has been used in the Texas Instruments 
Optoelectronic Device Department for measuring the out- 
put of its radiation-emitting diode products. The apparatus 
consists simply of a photovoltaic detector connected 
directly to an ammeter, with a special mechanical fixture to 
prevent escape of radiant energy. 


SELECTION OF DETECTOR 


Detectors that might be considered for measuring 
IRED and LED output include thermopiles, photocells, 
photodiodes, photomultipliers and photovoltaic cells. To 
show why the photovoltaic cell was chosen for this 
application, a review of pertinent detector characteristics is 
in order. 

Thermopiles can be excellent primary detecting de- 
vices, but are generally unsuitable for most laboratory and 
quality control types of service. Not only are they difficult 
to apply properly, but they are costly, lose their calibration 
when mishandled, and have an inadequate frequency 
response. 

Photodiodes have good frequency capabilities, are 
reasonably priced, and are being used in pulse and 
high-frequency applications. However, most IRED’s and 
LED’s are tested under low-frequency conditions, and 
therefore frequency response is not a critical sensor 
parameter. Because the photodiode must be electronically 
biased, a well-regulated bias supply is required to ensure 
consistent results. 

Good sensitivity and frequency response plus a large 


detection area are some photomultiplier features. But 
multi-element phototubes are expensive, require 
high-voltage supplies, and since output is a function of 
supply voltage, stability problems can arise. Also, if 
improperly applied, photomultipliers can saturate, causing 
errors and possibly permanent tube damage. 

Photovoltaic cells—particularly the solar-cell variety— 
have a large active area, good long-term stability, and good 
spectral matching, are easy to use, and are inexpensive. The 
frequency response from dc to 100 kHz, although less than 
that of the photomultiplier and photodiode, is satisfactory 
for this application. These factors, combined with the fact 
that power or bias supplies are not required, makes the 
solar cell appear to have the best combination of qualities 
for this application. 

Using the photovoltaic cell to precisely measure the 
emitter output and determine its quantum efficiency 
requires detailed knowledge of the cell, the emitter, and 
how they are optically coupled. Such knowledge depends 
not only on the mathematical characterization of the two 
devices, but on an accurate calibration of the photovoltaic 
cell. Once these steps have been accomplished, the emitter’s 
power output and its quantum efficiency can be calculated 
using only two measured values— the emitter’s input 
current and the cell’s output current. 


THE PHOTOVOLTAIC CELL 


Before describing how the photovoltaic cell is cali- 
brated, a few comments on the basic characteristics of this 
semiconductor device are in order, It is not necessary for 
our purposes to discuss the theory of operation in detail. 
Suffice it to say that electron-hole pairs are generated 
within the device as a function of impinging photons. Only 
those photons that have a quantum energy larger than the 
band gap between the valence band and the conduction 
band generate electron-hole pairs. The lower-energy 
photons simply transmit through the cell and do not cause 
an output. The ratio of electrons generated to the total 
number of incident photons is the cell’s quantum 
efficiency, and is defined as 


electrons generated/sec 
Nsc = a ; 
incident photons/sec 
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MEASURING THE OUTPUT OF 
INFRARED-EMITTING AND LIGHT-EMITTING DIODES 


It is necessary to note that the cell’s quantum 
efficiency is a function of the wavelength (Figure 1). This 
fact is particularly important because the sensor specifica- 
tions are often based on the device’s sensitivity to a 
particular wavelength. This quantum efficiency curve can 
be shaped through various means including the deposition 
of anti-reflection coatings on the photovoltaic cell’s surface, 


90 
n.. AS A FUNCTION 

~ SOF WAVELENGTH 
= 80 
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is 
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Ft 
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WAVELENGTH (um) 


FIGURE 1, Photodetector Quantum Efficiency Varies 
as a Function of Wavelength, Thus Making 
Calibration at a Number of Wavelengths 
Necessary for General Use 


CELL CALIBRATION 


Before using the photovoltaic cell to measure the 

IRED or LED power output, the cell must be calibrated. 
This calibration is a two-step process, with the first step 
being the accurate determination of the cell’s relative 
response. This determination is made‘ using a grating 
monochromator, a tungsten light source, and a thermo- 
couple detector that has a flat response in the spectral 
region of 500 nm to 1000 nm. Two curves are obtained, 
one using the thermocouple detector to measure the 
tungsten source’s output and the other using the photo- 
voltaic detector to measure the same output. 
By dividing the photovoltaic cell response by the thermo- 
couple response, the relative response of the cell is 
obtained. The relative response curve allows the measure- 
ment of radiation sources with different spectral character- 
istics to be accurately compared. However, to determine 
the actual power generated by a particular source using this 
cell requires another calibration step in which the photo- 
voltaic cell output is determined when illuminated by a 
radiation source with a known power output. To 
accomplish this goal, the output of three monochromatic 
sources (gallium arsenide IRED, helium-neon laser, and 
argon laser) are measured by the cell being calibrated and 
by an Eppley thermopile. The quantum efficiency of the 
cell at the wavelength of each emitter is then found by 
using the optical power equation: 








IL energy 
NSCS a 
optical power photon 


where I is the short-circuit current from the photovoltaic 
cell under test and optical power is the measurement made 
by the thermopile. 

The three quantum efficiencies are then plotted, and 
a curve is generated that allows the cell to be used to 
measure accurately any impinging light of known spectral 
characteristics. 


MEASUREMENT PROCEDURE 


To employ this calibrated detector in a radiation- 
emitting diode testing system, it is necessary to develop the 
relationships that can describe the diode’s quantum 
efficiency. 

The diode output is directly proportional to the 
emitted photon energy and quantity per unit of time. The 
relation between energy E and wavelength A is defined as 


1.24 1.24 
A= or E= —— 


(units are zm and eV) 
E r 





Energy, and therefore wavelength, of any given 
photon emitted from an IRED or LED source fall within a 
distribution curve such as that shown in Figure 2 for a 
GaAs IRED. To be absolutely accurate in calculating the 
optical power output of a solid-state source requires a 
time-consuming graphical integration using Figure 1 and 
Figure 2. Fortunately, all photons emitted by a mono- 
chromatic source have the same energy. Since it is a valid 
assumption to consider the IRED to be monochromatic, 
the IRED’s optical power can be described to a first 
approximation without any noticeable error. 






SPECTRAL 
BANDWIDTH ~300 um 


RELATIVE INTENSITY —> 


Ap*0.9 pm 
WAVELENGTH ——»> 


FIGURE 2. Spectral Characteristics of GaAs Diode 
Indicate that the Device is Nearly Monochromatic 
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For simplicity of calculation, let us assume that all 
photons generated by the IRED are collected by the 
photovoltaic cell. Therefore, considering the ammeter as a 
load consisting of a calibrated resistor and microvoltmeter, 
(Figure 3), the current Ip (neglecting the internal resistance 
Rshunt of the photocell) is proportional to the number of 
photons striking the surface: 


electrons 
IL= (se) (1.602 x 10-19) 


sec 


and 


hotons 
IL= Nsc (ene (1.602 x 10-19) 
sec 


therefore, 


IL 


photons/sec = ———--——-____ 
Nsc (1.602 x 10-19) 


Ih 






PHOTOVOLTAIC 


CELL AMMETER 


4 
1 
J 
1 
1 
| 
1 
| 
| 
I 
I 





rocco 


MICROVOLTMETER 


FIGURE 3. Equivalent Circuit of a Photovoltaic Cell 


(Silicon Solar Cell) Connected to the Ammeter 
Used to Measure Short Circuit Current 


Knowing IL, we can now calculate the emitter 
quantum efficiency nem and optical power Po: 


IL 
Nsc ID 


Ip energy 
PQ =|(— 
Nsc photon 
Using these equations, we can indeed determine both 
the quantum efficiency and the optical power generated by 


the IRED under conditions where all the power emitted is 
collected. by the photovoltaic cells. To ensure the 


Nem =~ 





where Ip is IRED current 





MEASURING THE OUTPUT OF 
INFRARED-EMITTING AND LIGHT-EMITTING DIODES 





photovoltaic cell receives all emitted photons, it is 
necessary to build special testing jigs using detectors either 
singly or in arrays. (See Figures 4 and 5). In cither case, the 
test procedures are the same. However, if such jigs are not 
possible, then the percentage of energy emitted that actually 
reaches the detector must be included in the calculation. 
This fraction can be determined by dividing the total power 
emitted by the steradian relationship between the detector 
and the emitter, the total number of steradians being equal 
to the aperture area of the detector divided by the square 
of the distance between the emitter and the detector 
surface, 










CURRENT- 
LIMITING 
RESISTOR ine 
OR 
REGULATED LED 
CONSTANT- 
CURRENT = 


SUPPLY 





FIGURE 4. Calibrating the Test Setup 


O-—RING SEAL 














PHOTOVOLTAIC CELL 
2X2 CM 






LaLa 


lowe 


| We anew OR 
0 LED 
GOLD OR SILVER REFLECTOR 


FIGURE 5. Test Jig for Capturing the Total Diode 
Output with a Single Photovoltaic Cell 


TESTING PRECAUTIONS 


Generally, gallium arsenide and gallium arsenide 
phosphide (GaAsP) infrared emitters provide an output 
signal lL large enough that an ammeter may be used to 
measure the cell’s short-circuit current directly. The 
measurement of GaAsP visible-light-emitting diodes and 
tests such as radiant intensity measurements usually pro- 
duce signal levels that require a calibrated resistor and a 
microvoltmeter. The important point is that the input 
impedance of the measuring instrument must be less than 
1/10 the value of Rshunt to prevent lowering the output of 
the cell. The exact value of Rshunt for photovoltaic cells is 
difficult to measure, but it is usually in the order of 10 to 
30 kQ. If the cell has been mistreated, the Rshunt may be 
as low as 1 kQQ or less. Thus, if an electronic ammeter is 
used in the 3 x 10-6 ampere range, as may be required for 
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MEASURING THE OUTPUT OF 
INFRARED-EMITTING AND LIGHT-EMITTING DIODES 





testing GaAsP LED’s, the input meter impedance of Then: 
300 to 1000 $2 approaches the critical value of the typical 











solar cell. Thus, these low-level measurements must be Nem = emitter quantum efficiency 
made using the resistor-microvoltmeter technique. 

The second problem occurs when the photovoltaic . {IL ! _ 25 mA ] 
cell becomes appreciably self-biased, because of the voltage = Tse. Ip. - elect 300 mA 
drop developed across the load. Care must be taken to limit 0.7 -—— 
this bias to prevent a reduced output signal. As a rule of Photon 
thumb, this load-voltage drop is kept lower than 50 mV. 

When measuring high-power emitters, the value of Ip of a = 0.119 photons/electron 
2-by-2-cm photovoltaic cell is capable of reaching the 
200-mA level without saturation; therefore at these levels, Nem = 11.9% 
the input impedance of the ammeter and the value of the 
calibrated resistor (See Figure 3) must be kept less than i IL energy 
0.252 Optical Power = Pg={——} {|{———— 
: : Nsc photon 
SAMPLE CALCULATION OF DIODE POWER OUTPUT Wh _ 1.24 1.24 ere 
AND QUANTUM EFFICIENCY arene rp 0.925 : 
Assume the following values: 
Pr = 25 mA pa eV 

Ip = emitting diode current = 300 mA O bd eee ‘ photon 

VF = forward voltage of the emitter = 1.6 volts photon 

IL = solar cell output signal = 25 mA es Po 

Power efficiency = ———-——— 
Input Power 
Xp = peak wavelength of the emitter = 0.925 um 
Nsc = Quantum efficiency of the cell = 0.70 electrons 47.9x 10-3 W _ 47.9x 10-3 W 
per photon 7 Ip VF 48 x 10-2 W 


This material appeared as an article in Electro-Optical 
Systems Design, Vol. 2 No. 7, July F970. Power efficiency = 0.0998 = 9.98% 
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TIL23, TIL24 RELIABILITY DATA 


INTRODUCTION 


Texas Instruments has long been noted as a quality 
producer of semiconductor components. The TIL23 
and TIL24 solid-state infrared-emitting diodes 
(IRED’s) are high-quality, reliable additions to its line 
of optoelectronic products. They have been designed 
as highly reliable, long-life products capable of 
meeting demanding military and commercial needs. 
Quality control of these products begins with incom- 
ing inspection of raw materials and is continued 
throughout the manufacturing process as shown in 
assembly-test flow diagram (Figure 1). Conscientious 
quality control practiced by the manufacturing orga- 
nization and monitored at critical steps by the quality 
control organization ensures that the designed reli- 
ability will be achieved in the finished product. 


Since this product was announced in 1970, some 
three million device hours of reliability testing have 
been accumulated on ungraded, unburned-in samples, 
and additional data is continuously being accumulat- 
ed. This report summarizes, in graphical form, data 
on the operating Jife of TIL23 and TIL24 at 10, 30, 
and 50mA at 25°C and 50mA at 55°C. Results of 
various mechanical and temperature stress tests are 
also presented. 


OPERATING LIFE TESTS 


Room temperature (25°C) life tests were performed 
at three different current levels: 10 mA, 30 mA and 
50 mA. Readings of power output were made with a 
solar cell in a short-circuit current mode at 0, 168, 
500 and 1,000 hours. Forward voltage was read at 
these intervals and no significant changes were observ- 
ed. Extended operating life tests at 25°C (4,000 hours) 
on 300 units have substantiated the extrapolated 
degradation rates shown in Figures 2, 3, 4, and 5. 


Since 1976 864,000 device hours have been accumu- 
lated on equal samples (see Figures 6 and 7) operated 
for 1000 hours. Failure criteria were degradation of 
output power of more than 50% or a change in VF of 
more than 5%. Readings were taken at 0, 168, and 
1000 hours. The samples were taken from lots whose 
total count exceeded one million LED’s. 


STORAGE LIFE TESTS 


High-temperature (85°C) storage tests were performed 
for 1000 hours on 1818 devices (see Figure 8). Only 
one unit (AVé = 19%) exceeded the failure criteria of 
50% degradation of output power or 5% change in VF. 


ENVIRONMENTAL TESTS 


The tests listed in Figure 10 were performed on 
samples of the product with the catastrophic failures 
as shown. It should be noted that the test conditions 
shown are not the ultimate strength of the product 
but represent the test requirements imposed by our 
customers. The ultimate strength of these devices is 
much higher in most cases. !nquiries concerning 
response to particular requirements should be 
addressed to your TI sales representative. 


TIL23HR, TIL24HR, TIL25HR ... HIGH- 
RELIABILITY INFRARED EMITTERS 


Texas Instruments now offers the TIL23HR, 
TIL24HR, and TIL25HR as standard product items 
to customers requiring extra reliability in their 
applications. Utilizing the same small ceramic pill 
package design as LS6OO series phototransistor, the 
TIL23HR, TIL24HR, and TIL25HR are used to 
provide dependable and reliable infrared sources in 
military and aerospace applications. The TIL23HR, 
TIL24HR, and TIL25HR infrared emitters and the 
complementary TIL6G01HR thru TIL604HR photo- 
transistors are now available as standard product 
items. For more information, contact you nearest Tl 
sales representative or Optoelectronic Department 
Product Marketing. 
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CHIPS 












VISUAL INSPECTION 


PACKAGE 


ASSEMBLY 
VISUAL INSPECTION 


ELECTRICAL TESTS 


ATTACH CHIP 











VISUAL INSPECTION 
INTERCONNECT BONDING 


VISUAL INSPECTION 


VISUAL INSPECTION 


ASSEMBLE 














VISUAL, HERMETICITY, AND 


SEAL ELECTRICAL TESTS 


VISUAL INSPECTION 


GROSS LEAK TEST 


ELECTRICAL TEST 


ELECTRICAL TESTS 


VISUAL INSPECTION 
PACKING 


INSPECTION 


LEGEND 
V MATERIAL INPUT 
O MANUFACTURING STEP 


INSPECTION 100% 


QUALITY CONTROL INSPECTION 
OR TEST 


FIGURE 1. TIL23 and TIL24 Infrared-Emitter 
Flow Diagram 


PERCENT CHANGE IN POWER OUTPUT 


+30 


+20 


+10 


NUMBER = 77 UNITS 





100,000 


100 1000 10,000 


TIME (HOURS) 


FIGURE 2. Change in Power Output as a Function of 


PERCENT CHANGE IN POWER OUTPUT 


PERCENT CHANGE IN POWER OUTPUT 


Operating Time at Ip = 10 mA, 25°C 





+20 
+10 
ct] 
-10 
-20 
NUMBER = 98 UNITS 
100 1000 10,000 100,000 
(TIME (HOURS) 


FIGURE 3. Change in Power Output as a Function of 
Operating Time at Ip = 30 mA, 25°C 


NUMBER = 96 UNITS 





100 1000 10,000 100,000 


TIME (HOURS) 


FIGURE 4. Change in Power Output as a Function of 
Operating Time at Ip = 50 mA, 25°C 
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DEGRADATION FAILURES 
UNITS UNIT CATASTROPHIC FAILURE RATE IN %/1,000 HOURS | MEAN TIME BETWEEN 


TESTEO nouns FAILURES TOTAL 60% CONFIDENCE |90%CONFIDENCE FAILURES 
fasea_[ aaeanoo fo | 1] 01 | 028 | 680,000 HOURS 


FIGURE 5. Operating Life at 25°C and 50 mA 




















DEGRADATION FAILURES 
UNITS UNIT CATASTROPHIC FAILURE RATE IN%/1,000 HOURS | MEAN TIME BETWEEN 


TESTER HOURS FAILURES — | TOTAL eos, CONFIDENCE [90%CONFIDENCE FAILURES 
| 432__ [| 432000 [ Oo | 2 { 072 {123 {140,000 HOURS 


FIGURE 6. Operating Life at 25°C and 75 mA 










DEGRADATION FAILURES 
UNITS UNIT CATASTROPHIC FAILURE RATE IN%/1,000 HOURS | MEAN TIME BETWEEN 


TESTER HOURS FAILURES — | TOTAL [Eoc, CONFIDENCE [90%CONFIDENCE FAILURES 
| 432,——is| 432,000 || fT” 104,000 HOURS 


FIGURE 7. Operating Life at 55°C and 50 mA 



























DEGRADATION FAILURES 
UNITS UNIT CATASTROPHIC FAILURE RATE IN %/1,000 HOURS [MEAN TIME BETWEEN 


TESTES HOURS FAILURES — | TOTAL FeOyCONFIDENCE [90% CONFIDENCE FAILURES 
1818 1818000 [ot tf tt ST tet ~———st_—_ 900,000 HOURS 


FIGURE 8. Storage Life at 85°C 





MIL-STD-750 Failures 
Test Quantity (Catastrophic or 
Method Tested Degradation) 


Temperature Cycle: 5 Cycles, 30 Minutes, —40°C to +100°C 
Temperature Cycle: 5 Cycles, 30 Minutes, —65°C to +150°C 
Thermal Shock: 5 Cycles, Condition A 

Moisture Resistance 

Shock, Impact: 1500 g, Z7 Axis, 0.5 milliseconds 

Vibration, Variable Frequency: 20g 


Constant Acceleration: 20 kg, 1 Min. 24 


-”" OFA N O&O OOo 8 


Hermetic Seal: Test Condition E 





FIGURE 10. Environmental Test Results 
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QUICK REFERENCE GUIDE 
PHOTODETECTORS 


PHOTODETECTORS 
QUICK REFERENCE GUIDE 


LIGHT CURRENT | DARK CURRENT | POWER 
1N5722 Phototransistor O05mA 3mA 25nA 30 
1N5723 Phototransistor 2mA 5mA : 25 nA 30 
1N5724 Phototransistor 4mA 8mA 25 nA 30 


1N5725 Phototransistor 7mA 25nA 30 


LS600__Phototransistor | 0.8mA 5{ 25nA 30 | 50mW | Pill package 


TIL638 Phototransistor 0.4 mA 
TIL648 Phototransistor | 0.4mA 1.6mA 
TIL658 Phototransistor 1mA 4mA 
TIL668 Phototransistor 2.5mA 10 mA 
TIL678 Phototransistor 6 mA 


TIL78 Phototransistor 1mA Low-cost epoxy package 


As Phototransi 5mA 
Hist oO ee TO-18 package with narrow field of view 
As Photodiode | 170uATyp 0-50] 10nA 30 
As Phototransi 1mA 5] 00nA 10 
TiLOO SS ee fee a Similar to TIL81 except flat tens 
As Photodiode 40uATyp 0-50] 10nA 10 
10 
30 


ElA-Registered versions of TIL601-TIL604 


Low-cost header with epoxy lens. Operating 
temp. range —40°C to 80°C 


TIL100 : ‘ica falters Designed for infrared remote-control systems 
i ora ig ‘ Spectrally matched with TIL38 IRED_ 


TIL401_ = Phototransistor 05mA 3mA 
TIL402 Phototransistor 2mA 6mA 
TIL403 Phototransistor 5mA 10mA 
TIL404 Phototransistor 8mA 16mA 
TIL405 Phototransistor 10mA 20mA 
TIL406 Phototransistor 15mA 
TIL6O1t Phototransistor 

TIL602t Phototransistor 

TItL603t Phototransistor 

TIL604t Phototransistor 

TIL605 Phototransistor 

TIL606 Phototransistor 

TIL607 = Phototransistor 

TIL608 Phototransistor 

TIL621 = Phototransistor 

TIL622 Phototransistor 

TIL623 Phototransistor 

TIL624 Phototransistor 

TIL625 Phototransistor 

TIL626 Phototransistor 

TIL627 Phototransistor 

TIL628 Phototransistor 

TIL629_ Phototransistor 

TIL630 Phototransistor 


30 
30 
30 
30 
30 


Glass, hermetically sealed 


Pill package designed for mounting on double 
sided printed board 


Same as TIL601—TIL604 except wider field of: 
view 


Single element 

2element array 
3-element array 
4-element array 
S-element array 
6-element array 
7-element array 
8-element array 
9-element array 


aaa&»aa»a»a&#»aqaa»a4anan&an»naanananwan 


10-element array 





THigh-reliabitity versions (TILGO1HR thru TIL604HR) are also available. 
Each element. 
Not recommended for new design. 
For additional photodetectors, see Special Electro-optical Components section of this book. 
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JEDEC-REGISTERED VERSIONS OF TIL601 THRU TIL604 


e Recommended for Application in Character Recognition, Tape and Card 
Readers, Velocity Indicators, and Encoders 


e@ Unique Package Design Allows for Assembly into Printed Circuit Boards 


*mechanical data 


COLLECTOR 
0,483 {0.019} 


0,228 (0.009) 
CERAMIC 0,254 t 0,026 RAD 


7 t ~ {0.010 ¢ 0.001) 
1,550 (0.061) DIA 2,337 (0.092) 
1,473 (0.058) 2,133 (0.084) 


1,702 (0.067) EMITTER 
—_—— 024 
1,600 (0.063) 0,254 (0.010) en) is 0,610 (0.024) 
0.127 (0.005) 0,406 (0.016) 
2,235 (0.088) r . 
2,083 (0.082) 


3,175 (0.125) 
2,591 (0.102) FOUR TIMES 


ACTUAL SIZE 





ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Emitter Voltage 2 2 1 we. ee ee eee ee ee) 6BOV 
Emitter-Collector Voltage 2... 1. ee : 7V 
Continuous Device Dissipation at (or below) 25°C Case Temperature (SeeNote1) .......... SOmW 
Operating Case Temperature Range...) we ee ee ee 665°C to 125°C 
Storage Temperature Range 2... ee ee eee ee) 665°C to 150°C 
Soldering Temperature (3minutes) . . . 2. 2. 2 2 1. ee ee ee ke ee 240°C 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS TYPE |MIN TYP MAX|UNIT 


V(BR)CEO Collector-Emitter Breakdown Voltage Ic =100 uA, Eg=0 FALL | 5000 VC 
ViBRJECO Emitter-Coilector Breakdown Voltage le =100 uA, Eg=0 
Voe=20V, Ee=0 | Ate | 5 fo 


= E,= 
Vee =30¥, Fen, ALL uA 
To = 100°C 
1N5722/0.5 3 


}ins723| 2 5 | 
jins724]_ 48 | 


1N5725 
Ic = 0.4mA, Ee = 20 MWicm2, 
-Emi i ALL Vv 
VCE(sat) _Collector-Emitter Saturation Voltage See Note 2 
NOTES: 1. Derate linearly to 125°C at the rate of 0.5 mw/°c. 


2. Irradiance (E,) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered 
tungsten linear-filament lamp operating at a color temperature of 2870 K. 

















Ip Dark Current 




















VceE=5V, Ee=20 mW/em2, 
See Note 2 







Light Current 

















*JEDEC registered data. This data sheet contains all applicable JE DEC registered data in effect at the time of publication. 
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TYPES 1N5722 THRU 1N5725 
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*switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT 
Ss 
i 15 


te Fall Time RL=1kQ, — See Figure 1 





*PARAMETER MEASUREMENT INFORMATION 
See Note a ey 


OUTPUT 
See Note b 





TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 


FIGURE 1 


NOTES: a. Input irradiance is supplied by a pulsed xenon bulb source. Incident irradiation is adjusted for |; = 800 HA. 
b. Output waveform is monitored on an oscilloscope with the following characteristics: ty < 25 ns, Rj, = 1 MQ, Cin < 20 PF. 


*JEDEC registered data 





TYPICAL CHARACTERISTICS 


COUPLING CHARACTERISTICS RELATIVE OUTPUT NORMALIZED LIGHT CURRENT 
vs vs vs 
OF 1N5723 WITH TIL23 OR TIL24 CASE TEMPERATURE OF SOURCE AND SENSOR ANGULAR DISPLACEMENT 


SENSOR: 





Output Current—mA 
Relative Output 


SOURCE: SENSOR: 
TIL23 or TIL24 1N5722—1N5725 


ip"50mMA = —— Voge =5V 


Normalized Light Current — 4) 








on () 
0.01 0.02 0.04 0.0701 02 O4 07 1 -75 -50 -25 0 2 50 75 100 125 50° 40° 30° 20° 10° 0° 10° 20° 30° 40° 50? 
Distance Between Lenses—in To—Case Temperature of Source and Sensor—"C ©—Angular Displacement 
FIGURE 2 FIGURE 3 FIGURE 4 
54 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


372 


TYPES 1N5722 THRU 1N5725 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





TYPICAL CHARACTERISTICS 


1N5723 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


COLLECTOR CURRENT 


vs 
COLLECTOR-EMITTER VOLTAGE 





Te= 28°C 
8 See Note 2 
oo < 
tow Ee 
¢ a 
EW s 6 
4 5 
E ° 
i 5 
: B 4 
bo i 
2 § 
- YL 
2 
el 0 
(*] 0.05 0.14 0.15 0.2 0.25 0.3 ce) 4 8 12 16 20 





< 


CE~Collector-Emitter Voitage—V Veg —Collector-Emitter Voltage—V 


FIGURE 5 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 
IRRADIANCE 


FIGURE 6 


1N5723 
COLLECTOR CURRENT 
vs 
IRRADIANCE 


2 ° ° 
a 8 8 


1 Collector Current—mA 


VCE (sat) Cotlector-Emitter Saturation Voltage—V 
°o 
fx} 





20 30 40 S50 60 70 80 


Ee—Irradiance-mW/cm? Ee—Irradiance-mW/cm*® 


FIGURE 7 FIGURE 8 


DARK CURRENT RELATIVE OUTPUT 
vs va 
CASE TEMPERATURE MODULATION FREQUENCY 


Ip Derk Current—nA 
Relative Output 





1 2 4 10 20 40 100 400 1000 





fmod—Modulation Frequency-kHz 


FIGURE 9 


FIGURE 10 


NOTE 2: Irradiance (E,g)is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten 
linear-filament lamp operating at a color temperature of 2870 K. 
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TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


Output of Tungsten 
Response of Human Eye Source at 2870 K 


| | /\| TAI, [Or 
P| VATA WAN 
ot | 





Output of Response of 
GaAs 1N5722 thru 1N5725 
Sources 


Relative Spectral Response or Output 





mi — Wavelength — [im 


FIGURE 11 





TEXAS INSTRUMENTS CUSTOMIZED OPTOELECTRONIC ARRAYS 


The 1N5722 through 1N5725 series is available mounted in printed circuit boards for custom-designed array or matrix 
applications. The array is a complete unit, without the problems associated with small, difficult-to-handle components. 
These arrays can be designed for punched-card or tape readers, position indicators, pattern and character recognition, 
shaft encoders, and many other special applications. 
Texas Instruments custom-array techniques offer many advantages: 

@ The arrays are pre-assembled and tested, ready for installation. 

@ Custom arrays can be manufactured in almost any configuration to allow maximum design flexibility. 

@ Sensitivity across an entire array will be matched to within 50%. 


@ GaAs sources can be furnished to give complete solid-state matched sets for specific applications. 


e@ Arrays with components firmly soldered into place on both sides of a printed circuit board are more 
rugged than individually wired sensing devices. 


Specifying optoelectronic arrays is easy; all that is required is a print of the array and the desired specifications. 
TI sales engineers will assist in developing specifications for special applications. 


Standard card-reader and tape-reader arrays are available. 
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N-P-N PLANAR SILICON PHOTOTRANSISTORS 


BULLETIN NO. DL-S 11291, DECEMBER 1969—REVISED NOVEMBER 1974 


NOT RECOMMENDED FOR NEW 


FOR NEW DESIGN, USE TIL81 







mechanical data 
BOTH LEADS ELECTRICALLY INSULATED FROM CASE 


0,483 (0.019) 
0,406 (0.016) 
2 LEADS 


DIA 
PLASTIC LENS 


6,01 (0.197) COLLECTOR 4,38 (0.171) 
4,75 (0.187) | ET | 4,09 (0.161) 
DIA DIA 


EMITTER 1,346 (0.053) 
1,194 (0.047) 


2,16 (0.085) MAX 25,4 (1.000) MIN 


2,47 (0.097) 
2,21 (0.087) 


ALL DIMENSIONS ARE IN MILLIMETERS ANO PARENTHETICALLY IN INCHES 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Emitter Voltage 2. 6 www ww ee ee ee eee ee ew 6BOV 
Emitter-Collector Voltage 2. 1 ww ww ee ee ee TN 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note1) ...... 2... SOmW 
Operating Free-Air Temperature Range . . ... 1... ee ee ee ee ee we) 640°C to 80°C 
Storage Temperature Range Ss sipped oe. Sb rth bs as UE Yan Ela os Goa te ay go SAO I16 100-6 
Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds . - . . eee ee ee ee ee 6 -240°C 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


V(BR}CEO Collector-Emitter Breakdown Voltage | 1c = 100A, E,=0 PALL { 500 | 
ViBR)ECO Emitter-Collector Breakdown Voltage | Ie = 100A, E,=0 
L 


ar urrent 
TIL63 

























Ib Light Current Vce=5V, Eg=20mW/cm2, See Note 2 








TIL66 
TIL67 
VCE (sat) Collector-Emitter Saturation Voltage | 1c = 0.4mA, E, = 20 mW/cm2, See Note 2 pac | ots |v 


° 
NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.91 mW/ C. 
2. \rradiance (Eg)is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered 






tungsten finear-filament lamp operating at a color temperature of 2870 K. 
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TYPES TIL63 THRU TIL67 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS ~- 
Veo=20V, t= 800nA, 
tg Fall Time RL =1k2, See Figure 1 





PARAMETER MEASUREMENT INFORMATION 


See Note a ~* 


OUTPUT 
See Note b 








| 
| 
| 
10% l 10% 
| 


| 
tp —to—>| Le—ot— t 


OUTPUT VOLTAGE WAVEFORM 





TEST CIRCUIT 


FIGURE 1 


NOTES: a. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times of less than 50 ns. Incident 
irradiation is adjusted fort; = 800 WA. ; 


b. Output waveform is monitored on an oscilloscope with the following characteristics: tp < 25 ns, Rig 2 1M, Cin & 20 pF. 





TYPICAL APPLICATION DATA 


O +22V 


© OUTPUT 






2N 1308 


td 


FIGURE 2—LIGHT PULSE DETECTOR 
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TYPES TIL63 THRU TIL67 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





TYPICAL CHARACTERISTICS 


TIL65 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


= 25°C 


Ty = 25°C 
See Note 2 


Ta 


See Note 2 


I,—Collector Current—mA 


I, Collector Current—mA 





A NUR 




















0 0.05 0.1 0.15 0.2 0.25 0.3 0 4 8 12 16 20 
Vege —Collector-E mitter Voltage—V Veg —Collector-E mitter Voltage—V 
FIGURE 3 FIGURE 4 
COLLECTOR-EMITTER SATURATION VOLTAGE DARK CURRENT 
vs vs 
IRRADIANCE FREE-AIR TEMPERATURE 
1000 

> VcE =30V 

F) E,=0 
s 100 

Cc 
2 

® ¢ 

2 | 
a 5 10 E= 

E 5 

2 oO 

£ x 
WW s 4 

E 9 
& a 
re) 
is) 

a 0.1 

& 

Lu 

oO 
> 

0.01 
—20 -10 0O 10 20 30 40 50 60 70 80 
Ee—Irradiance—mW/cm2 Ta-F ree-Air Temperature—°C 
FIGURE 5 FIGURE 6 


NOTE: 2. Irradiance(E,)is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten 
linear-filament lamp operating at a color temperature of 2870 K. 
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TYPES TIL63 THRU TIL67 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


TYPICAL CHARACTERISTICS 















RELATIVE OUTPUT NORMALIZED LIGHT CURRENT 
vs vs 
MODULATION FREQUENCY ANGULAR DISPLACEMENT 
10 1.2 
7} %ce* = 
F Ty= 25 
1.0 
2 ees a 
eas : 
2) = 08 
3 07 F= 5 
6 04-— £ 
2 om 0.6 
eee a 
* 0.2 2 
oe : 
= 
0.1 = bt £ 0.4 
0.07 FE 5 
0.04 F+— }+— . ss Pe 
ae a 
| aii soa 
0.01 (0) 
1 2 10 20 40 100 400 1000 90° 60° 30° 0° 30° 60° 90° 
ola Frequency—kHz 6—Angular Displacement 
FIGURE 7, FIGURE 8 


RELATIVE SPECTRAL CHARACTERISTICS 


Output of Tungsten 
Source at 2870 K 


nee 
TL aOR 
LV ZAZ IN 
CLA 


Output of Response of 


GaAs TIL63—TIL67 
Sources 


Relative Spectral Response or Output 





ibaa. —pm 


FIGURE 9 
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TYPE TIL78 
N-P-N SILICON PHOTOTRANSISTOR 


BULLETIN NO. DL-S 11549, SEPTEMBER 1971—REVISED SEPTEMBER 1978 





e Designed for Automatic or Hand Insertion in Sockets or PC Boards 
e Recommended for Industrial Applications Requiring Low-Cost Discrete Phototransistors 


© Spectrally and Mechanically Matched with TIL32 IR Emitter. 


mechanical data 


This device has a clear molded epoxy body. 


1,27 (0.050) MIN 
14,5 (0.570) MIN. 
5,34 (0.210) 0,610 (0.024) CATHODE 
4.82 (0.190) 0.457 (0.018) SCUARE IDENTIFICATION 
2 LEADS 


COLLECTOR yv 
a) 

|, a 
EMITTER 1,40 (0.055) 


4,07 (0.160) _ 5) 1,14 (0.045) 
3,81 (0.150) (See Note c) 
F | 4,07 (0.160) 
3,175 (0.125) 3,55 (0.140) 
2,997 (0.118) eet 
(See Note b) NOTES: a. All dimensions are in millimeters and parenthetically in inches. 
b. This diameter is measured 0,127 mm (0.005 inches) from the shoulder, 
c. Lead spacing is measured where the leads emerge from the package. 





DIA 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Emitter Voltage . . 50 V 
Emitter-Collector Voltage Beeb, Med aah’ 2, Hele et to hh AD we kG er be ee .7V 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note1) ........ . SOmW 
Operating Free-Air Temperature Range . —40°C to 100°C 
Storage Temperature Range. ww. ee ee ee ee 40°C to 125°C 
Lead Temperature 1,6 mm (1/16 Inch) from Case for 5 Seconds ....... 2. ee eee ee ee 240°C 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX|UN 
V(BR)CEO Collector-Emitter Breakdown Voltage Ic =100nA, E,=0 150s 











ViBR)ECO Emitter-Collector Breakdown Voltage le = 100nA, Eg a Sy 


50 
; =0 7 
Voe=30V, Fe= ar 
Ip Dark Current CE ee 5 : 
VceE=30V, Ee=0, Ta = 80 C 


Vog= SV, &_=20 mien i a 







IL Light Current 








Vce=5V 2 mW/cm? 
Ic=2mA, Eg=20mW/cm?, See Note 2 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


r 
tf Fall Time RL =1kQ, See Figure 1 










< BlLBi<| <|2 
4 


VCE(sat) _ Collector-Emitter Saturation Voltage 





2 
1 7 
TYP 


}UNIT | 


2. Irradiance (E,) is the radiant power per unit area incident upon a surface, For this measurement the source is an unfiltered 


NOTES: 1, Derate linearly to 100°C free-air temperature at the rate of 0.67 mMA/C. 


tungsten linear-filament lamp operating at a color temperature of 2870 K. 
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TYPE TIL78 
N-P-N SILICON PHOTOTRANSISTOR 





PARAMETER MEASUREMENT INFORMATION 


See Note a ~* 


OUTPUT 
See Note b 








| 
t, eel loot 3; 


TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 
FIGURE 1 


NOTES: a. Input irradiance is supptied by a pulsed gallium arsenide infrared emitter with rise and fall times of less than 50 ns. Incident 
irradiation is adjusted for 1, = 800 BA. 
b. Output waveform is monitored on an oscilloscope with the following characteristics: tp < 25 ns, Ri, 2 1 MLL, Cj, < 20 pF. 
SS SSS iS 


TYPICAL CHARACTERISTICS 


NORMALIZED LIGHT CURRENT DARK CURRENT 
vs 


vs 
ANGULAR DISPLACEMENT . FREE-AIR TEMPERATURE 






Ip—Dark Current—nA 





Normalized Light Current— I 
° 
oa 


OPTICAL AXIS 





Sa ESER 
BEARERS 





0.2 
0 
g0° 60° 40° 20° 0° 20° 40° 60° 80° 
6—Angular Displacement Ta—Free-Air Temperature—C 

FIGURE 1 . FIGURE 2 

COLLECTOR-EMITTER SATURATION VOLTAGE COUPLING CHARACTERISTICS 

vs OF 

IRRADIANCE TIL32 WITH TIL78 





Output Current—mA 





-—+ =aif HH 
tt aii 





VCE (sat)—Collector-Emitter Saturation Voltage—V 


0.1 
10 20 30 40 50 60 70 80 90 0.01 0.02 0.04 0.070.1 04 07 1 
Ee—Irradiance—mW/cm2 Distance Between Lenses—in 
FIGURE 3 FIGURE 4 


NOTE 2: trradiance(E g)is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten 
linear-filament lamp operating at a color temperature of 2870 K. 
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TYPE TIL81 
N-P-N PLANAR SILICON PHOTOTRANSISTOR 


BULLETIN NO. OL-S 11688, MARCH 1972—REVISED MARCH 1976 





e Recommended for Application in Character Recognition, 
Tape and Card Readers, Velocity Indicators, and Encoders 


e@ Spectrally and Mechanically Matched with TIL31 IR Emitter 
e Glass-to-Metal-Seal Header 

e Base Contact Externally Available 

e Saturation Level Directly Compatible with Most TTL/DTL 


mechanical data 


The device is in a hermetically sealed package with glass window. The outline of the TIL81 is similar to TO-18 except 
for the window. All TO-18 registration notes also apply to this outline 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


5,34 (0.210) 0,483 (0.019) 


.. DIA 
fae S LEADS 0 108 (0.018) 


2,54 (0.100) DIA NOTES: 
a coteeercr a. All linear dimensions are in milli- 
meters and parenthetically in 
inches. 

b. The window Is Corning 7052 
ae 4 glass or equivalent. 


|r son abate c. Window dimensions are: 
MIN 1-EMITTER Minimum diameter. . 3,2 (0.125) 


WINDOW e 
(See Note c) Maximum extension from 


1,37 (0.046) top of case....... 1,78 (0.070) 
6,91 (0.036) , 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. ww wk ee ee ee eee ee ee 6 BOV 
Collector-Emitter Voltage 2. ww we ee ee ee eee eee ee 6 80V 
Emitter-Base Voltage 2. 6 ww ee ee ee ee ee ee TN 
Emitter-Collector Voltage 2. 1. 1 ww ke ee ee eee ew UTM 
Continuous Collector Current . .. . ot dee ae Be ee, TDOMA 
Continuous Device Dissipation at (or alow) 25° © Free:AicTemperaturé (See Note 1). woe ee ew ee. 6250 mW 
Operating Free-Air Temperature Range . . 2. 1 1 1 we ee ee ee eee ee —65°C to 125°C 
Storage Temperature Range .. . wee te ee we we we )~=6 65°C to 150°C 
Lead Temperature 1,6 mm (1/16 Inch) fon ‘Case hoe 10 Seconds 5h, eB Bout hy Giese won Ge tenet tate,’ “PAGE 


NOTE 1: Derate linearly to 125°C free-air temperature at the rate of 2.5 mw/’c. 
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TYPE TIL81 
N-P-N PLANAR SILICON PHOTOTRANSISTOR 





electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


(g=100uA,Ie=0, ‘Een 0 
ig= 100A, Ip=0, _F9=0 


VceE = 10V, Ip = 0, Ee=0 
Phototransistor Operation | Vce = 10 V, Ip =0, E,=0, 
Ta = 100°C 


Dark Current 


Photodiode Operation Vcp=10V, Ig =0, Ee=0 


Vce =5V, ip =0, 
Phototransistor Operation cE B 
panei ‘ See Note 2 
sony Maulren ; : Vcp =0 to 50V, tg =0, Eo = 20 mW/cm2, 
Photodiode Operation 
See Note 2 


hee Static Forward Current Transfer Ratio VceE=5V, Ic=1mA, Ee=0 


Ic=2mA, Ip =0, E, = 20 mW/cm2, 
See Note 2 





VcE(sat) _ Collector-Emitter Saturation Voltage 


NOTE 2: Irradiance (Eg) is the radiant power per unit area incident upon a surface. For these measurements the source Is an unfiltered tungsten 


linear-filament lamp operating at a color temperature of 2870 K. 


switching characteristics at 25°C free-air temperature 


PARAMETER : TEST CONDITIONS TYPICAL UNIT 


—TVee=5V, 1, =800uA, R= 1008, | 8 
Photot istor O t 

tf Fall Time See Test Circuit A of Figure 1 eile 

ah a a 


Photodiode Operation | see Tast Circuit B of Figure 1 
PARAMETER MEASUREMENT INFORMATION 














See Note a 


See Note a 


\\ 





| 
| 
| 





| 
| 
OUTPUT | 
(See Note b) | 

fo aaa 10% | l 10% 

| | | 
= t, ——| Le —et— tt 
TEST CIRCUIT A VOLTAGE WAVEFORM TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION PHOTODIODE OPERATION 


NOTES: a. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fal! times less than 50 ns. Incident 
irradiation is adjusted for specified |, . 
b. Output waveform is monitored on an oscilloscope with the following characteristics: tr < 25 ns, Rin = 1 MQ, Cin < 20 pF. 


FIGURE 1 
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TYPE TIL81 
N-P-N PLANAR SILICON PHOTOTRANSISTOR 





TYPICAL CHARACTERISTICS 














NORMALIZED LIGHT CURRENT COUPLING CHARACTERISTICS 
vs OF 
ANGULAR DISPLACEMENT TIL31 WITH TIL8t 

SENSOR 
TIL81 
Vce=5V 

a Ig=0 

4 < 

E ; 

B 3 

3 . 

3 3 

s > 

= fo} 

£ 

Gj 

2 

is) 
90° 60° 30° 0 30° 60° = 90° 0 01 02 03 04 05 06 0.7 08 09 1 
6@—Angular Displacement Distance Between Lenses-in 
FIGURE 2 FIGURE 3 
COLLECTOR CURRENT COLLECTOR CURRENT 
(PHOTOTRANSISTOR OPERATION) (PHOTODIODE OPERATION) 


vs 
IRRADIANCE 


vs 
COLLECTOR-EMITTEAR VOLTAGE 




































































< < 
E € 
T 4 
d « 
§ S 
: : 
(s) is) 
8 5 
& 2 
3 x] 
$ 9 
2 2 
i) 2 4 6 8 10 12 14 16 18 20 1°) 10 20 30 (40 50 60 70 80 
Eg —Irradiance—mW/cm2 E9 —Irradiance—mW/cm2 
FIGURE 4 FIGURE 5 
COLLECTOR CURRENT COLLECTOR-EMITTER 
(PHOTOTRANSISTOR OPERATION) SATURATION VOLTAGE 
vs VS 
COLLECTOR-EMITTER VOLTAGE cs COLLECTOR CURRENT 
7 
Ta = 25°C 8, 
See Note 2 8 
i) 
> 
4 6 
T s 
< 3 
£ ® 
& ” 
5 . 
o z 
$ = 
E ‘i 
3 8 
9 3 
; & 
2 3 
cS) 
Le 
5 
we 
is) 
> 























0 1 2 3 4 5 
VcE—Collector-Emitter Voltage—V (¢—Collector Current—mA 
FIGURE 6 FIGURE 7 


NOTE 2: Irradiance (E,) is the radiant power per unit area incident upon a surface, For these measurements the source is an unfiltered tungsten 
linear-filament lamp operating at a color temperature of 2870 K,. 
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TYPE TIL81 
N-P-N PLANAR SILICON PHOTOTRANSISTOR 


Retative Output 


Relative Spectral Response or Output 





TYPICAL CHARACTERISTICS 


RELATIVE OUTPUT 


(PHOTOTRANSISTOR OPERATION) NORMALIZED DARK CURRENT 
vs vs 
MODULATION FREQUENCY FREE-AIR TEMPERATURE 





eS 
pS 
Cc 
é 
2 
3) 
x 
S 
i] 
3 
f 
= 
E 
a 2 
a Hos 
aa aul 
Coon ESE eHi i 
mili ut Bul 
4 10 20 40 1000 
fmod—Modulation Loe ncenee 
Ta—Free-Air Temperature—C 


FIGURE 8 FIGURE 9 


RELATIVE SPECTRAL CHARACTERISTICS 


Output of \ Response of 
sei TIL81 





0.5 0.6 0.7 1.1 1.2 
A- eee, — ~m 
FIGURE 10 
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TYPE TIL99 
N-P-N PLANAR SILICON PHOTOTRANSISTOR 


BULLETIN NO, DL-S 12218, NOVEMBER 1974—REVISED MARCH 1976 


FOR WIDE-ANGLE VIEWING APPLICATIONS 





eo Recommended for Application in Character Recognition, 
Tape and Card Readers, Velocity Indicators, and Encoders 


o Spectrally and Mechanically Matched with TIL31 IR Emitter 
e Glass-to-Metal-Seal Header 


© Base Connection Externally Available 
© Saturation Level Directly Compatible with Most TTL/DTL 


mechanical data 


The device is in a hermetically sealed package with glass window. The outline of the TIL99 is similar to TO-18 except ie 
for the window. All TO-18 registration notes also apply to this outline. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


NOTES: 


0,483 (0.019) 
5,34 (0.210) 3 Leaps 2583 (0.019) 519 
4,32 (0.170) 0,406 (0.016) 


a. All linear dimensions are in milli- 
2,54 (0.100) DIA meters and parenthetically in 
inches, 
b. The window is Corning 7052 
4.96 (0.198) glass or equivalent. 


3-.COLLECTOR 


aazinn c. Window dimensions are: 
DI 


1,22 (0.048) Minimum diameter .. 3,5 (0.140) 


0,71 (0.028) Maximum extension from 


5,84 (0.230) heel ez (0.500) 2-BASE top of case..... 
540200 5, As p of case.....++0,26 (0.010) 
WINDOW 


1,17 (0,046) 
6,91 (0.036) 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage fs fers ata RP kh a es aed ee ee Ve) Be, he tad aon oye DEOPV. 
Collector-Emitter Voltage. ww ww ee ee ee ee ee ee ee ee eee es 680M 
Emitter-Base Voltage 2. 1 1 1 ww ee ee ee ee 7V 
Emitter-Collector Voltage 6 6. 1 ww ee ee ee 7V 
Continuous Collector Current . 2... 1 1 ee ee ee eee et ee we ee © 6 SOMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note1) ........ =. 250mW 
Operating Free-Air Temperature Range... 1 ww we we ee ee ek ee —65°C to 125°C 
Storage Temperature Range .. . —65°C to 150°C 


Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds... . 2... 2. ee ee ee ee) 240°C 


NOTE 1: Derate linearly to 125°C free-air temperature at the rate of 2.5 mW/°C. 
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TYPE TIL99 | 
N-P-N PLANAR SILICON PHOTOTRANSISTOR 





electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST CONDITIONS 
ig=100WA,te=0, ‘Een 
ig= 100A, Ip= 0, Ep=0 
ig= 100A, Ign 0, E90 
ig=100HA,Ip=0, Ep =0 


Vce = 10V, tg =0, E,=0 
Phototransistor Operation | VcE = 10V, Ip =O, E, =0, 
Ta = 100°C 


Photodiode Operation Vce=10V, I¢ = 0, E,=0 F001 | 



















Ip Dark Current 











Vee =5V, tp =0, E, = 20 mW/cm2, 
Phototransistor Operation cE B é 
. See Note 2 
Light Current 
3 ; Vcp=O0toS0V, le=0, Ee = 20 mW/cm2, 
Photodiode Operation 
See Note 2 


hFe Static Forward Current Transfer Ratio VceE=5V, Ic=1mA, E,g=0 


Ic =0.4mA, Ip = 0, Ee = 20 mW/cm2, 


VcCE(sat)  Collector-Emitter Saturation Voltage Sea ‘Now? 





NOTE 2: Irradiance (Eg) is the radiant power per unit area incident upon a surface. For these measurements the source is an unfiltered 
tungsten linear-filament lamp operating at a color temperature at 2870 K. 


switching characteristics at 25°C free-air temperature 


Veg=8V. IL =800uA, AL> 1008, 
r - Phototransistor Operation ce wae L : . L 
tf Fall Time See Test Circuit A of Figure 1 

Vec= 01 50V, 1,=60HA, AL= 1008, | 360 
c oo Photodiode Operation oe 7 : E 


See Test Circuit B of Figure 1 [500 
PARAMETER MEASUREMENT INFORMATION 


















See Note a 


See Note a 


\\ 





| 

| 

OUTPUT | | 

(See Note b) | | 

Ri. = 1002 | | 10% 
| | : | 
= tr —t—>| — tf 
TEST CIRCUIT A VOLTAGE WAVEFORM TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION PHOTODIODE OPERATION 


NOTES: a. [Input irradiance is supplied by a pulsed gallium arsenide radiant-energy source with rise and fall times less than 50 ns. Incident 
irradiation is adjusted for specified |, . 
b. The output waveform is monitored on an oscilloscope with the following characteristics: tp < 25 ns, Rip, = 1M, Cin © 20 pF. 


FIGURE 1 
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TYPE TIL100 
LARGE-AREA SILICON PHOTODIODE 


BULLETIN NO, DL-S 12631, MAY 1978—REVISED OCTOBER 1978 





e High Photosensitivity 

e Fast Response 

e Low-Cost Plastic Package 

e Designed for Infrared Remote-Control Systems 
@ Spectrally Matched with TIL38 Emitter 


description 


The TIL100 is a high-speed PIN photodiode designed to operate in the reverse-bias mode. It provides low capacitance 
with high speed and high photosensitivity suitable for near-infrared applications. ba 


mechanical data 


The photodiode chip is mounted on a lead frame and molded in black infrared-transmissive plastic. The active chip 
area is typically 8,83 square millimeters (0.0137 square inches). Its centerline is nominally 4 millimeters (0.157 inch) 
above the seating plane. 


2 SQUARE LEADS 
0,610 (0.024) 


0.0 
1,27 (0.060) NOM at6 cote ig 


0,76 (0,030) NOM 
2 PLACES 


= 19 (0.750) MIN 


ANODE 
ara eas, ee 
2,69 (0.108) 


sie ieaed 
(See Note b) 


5,59 (0.220) 


$48 (0215)] | SENSITIVE SURFACE 


7,29 (0.287) 
7,16 (0.282) 


SEATING 


SENSITIVE 
SURFACE 


2,67 (0,106) 
2,41 (0.095) 


nents 


SENSITIVE SURFACE 


NOTES: a, All dimensions are in millimeters and parenthetically in inches. 
b, Lead spacing is measured at the seating plane. 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Reverse Voltage 


Continuous Power Dissipation at (or below) 25° °C Free-Air ‘Tein perature (See Note 1) 


Operating Free-Air Temperature Range 
Storage Temperature Range so : 
Lead Temperature 1.6 mm (1/16 Inch) from Gase fOr 3 Seconds 


NOTE 1: Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 





Copyright © 1978 by Texas Instruments Incorporated 


TENTATIVE DATA SHEET 


This document provides tentative information 
on a new product. Texas Instruments reserves 
the right to change specifications for this 
product in any manner without notice. 
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TYPE TIL100 
LARGE-AREA SILICON PHOTODIODE 





electrical characteristics at 25°C free-air temperature 


PARAMETER j TEST CONDITIONS TYP ___‘ MAX 
vee Breakdown Voltage ino =100HA, Ect =0 ia eee 
Lio _ Dark Guvrent_| Van 0v,__Ee 0 ______{ 
Light Current ve =10V, = = 250 pWlem? ato40nm| 10 =915 sil 
a pS 












VAS TOV, ALT 


tirradiance (Eg) is the radiant power per unit area incident on a surface. 


VR =10V, SIT 





TYPICAL CHARACTERISTICS 


REVERSE CURRENT TOTAL CAPACITANCE 
vs VS 
IRRADIANCE REVERSE VOLTAGE 







A 







< w 

: Bme ae : i. 

pe) ao 

Cc Oo 

£ 10 vA s 60 

5S A =. 

Oo Oo 

o 1 (S) 

3 3 40 

° 

ao 0.1 rT 30 

7 ae al | | 
Oo 20 

0.01 CCS RN 






0.001 
0.0001 0.001 0.01 0.1 1 10 100 1000 0.1 0.2 0.4 0.71 4 710 20 40 


~ = 2 
Ee—Irradiance—yW/mm ene Voltage—V 


FIGURE 1 FIGURE 2 
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TYPES LS400, TIL401 THRU TIL406 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


BULLETIN NO. DL-S 12217, NOVEMBER 1974 


DESIGNED FOR APPLICATIONS IN CHARACTER RECOGNITION 
TAPE-READOUT, PHOTO SWITCHING, PROPORTIONAL CONTROL, 
AND DIFFERENTIAL DETECTION 







e Fast Switching Times 
e Collector-Emitter Breakdown Voltage ...50 V Min 


mechanical data 


Each device is in a hard glass, hermetically sealed package with a dome-shaped lens. Unit weight is approximately 
0.1 gram. 


15,3 (0.600) 
12,7 (0.500) 
7 2,16 (0.085) DIA 
38,1 (1.5) 10,2 (0.400). 1,93 (0.076) 
MIN See Note b 
[men } 
[anne : 
DOT INDICATES k 


0,280 (0.011) COLLECTOR LEAD 
0,228 (0.009) 


NOTES: a, All! dimensions are in millimeters and parenthetically in inches. 
b. Within this zone, body diameter is 2,083/1,930 mm (0.082/0.076 inch). 





absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Emitter Voltage 5 ww ww we ee ee ee ee te et ee we SOV 
Emitter-Collector Voltage. 2. 1 1 1 ww ee ee ee ee ee ee!) «6 
Continuous Device Dissipation at {or below) 25°C Case Temperature (See Note 1) toe ew ew ee ew ee) 6BOUMW 
Operating Case Temperature Range ened ap Ries Go jee! Gok. @ ae? So we Sb Ete 1200 
Storage Temperature Range. 1 ww ee ee ee ee) (BEPC to 150°C 
Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds . - - - ee ee ee ee ew ee ~~ 260°C 


electrical characteristics at 25°C case temperature (unless otherwise noted) 












PARAMETER TEST CONDITIONS 
ViBR)CEO Collector-Emitter Breakdown Voitage Ic = 100 BA, E,=0 
ViBR)ECO Emitter-Collector Breakdown Voltage 'e=100uA, Eg=0 
VceE = 30V, E,=0 
VceE=30V, E, =0, 
To = 100°C 


MIN TYP MAX]UNIT] 
v 

| nA_| 
TIL401 


rriteoz | 2 
prinaoa [8 10 | ma 
[Tingo4 | 8S 
Frunaos | 10 ——20 | 
Praos 1s 


Ic =04mA, Eg =9 mW/cm2, 
VCE(sat) _ Collector-Emitter Saturation Voltage ne seeds i arate | os | 


NOTES: 1. Derate linearly to 125°C case temperature at the rate of 0.5 mw/°c. 
2. Irradiance (Eg) is the radiant power per unit area incident upon a surface. For this measurement the source is a tungsten-filament 
bulb. The wavelength is 0.7 to 1.0 um determined by a Corning CS7-69 filter. 










3 
> 










Dark Current 









LS400 













Voce =5V, 
Es = 9 mW/cm2, 
See Note 2 





Light Current 

















TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


71 


TYPES LS400, TIL401 THRU TIL406 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


ae 


r 
tf 





NOTES: 





UNIT 


Fall Time RL =1ka, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


See Note a 


\ 


OUTPUT 
See Note b 





tf 


TEST CIRCUIT 


OUTPUT VOLTAGE WAVEFORM 
FIGURE 1 


a. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times of less than 50 ns. Incident 


irradiation is adjusted for |; = 4Q0 WA. 


b. Output waveform is monitored on an oscilloscope with the following characteristics: tp < 25 ns, Rin 21M, Cin < 20 pF. 
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; TYPES LS600, TIL601 THRU TIL608 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


BULLETIN NO. DL-S 12232, NOVEMBER 1974 — REVISED JULY 1978 





DESIGNED FOR HIGH-DENSITY READ OUT 


mechanical data 


Ls600 
TIL601 THRU TIL604 


COLLEC 
0,483 (0.019) . aS 
0,228 (0.009) 


CERAMIC 7 LENS 0,254 + 0,026 


(0.010 + 0.001)? 





1,550 (0.061) DIA 2,337 (0.092) 
1,473 (0.058) 2,133 (0.084) 


1,702 (0.067) EMITTER 
1,600 (0.063) 0,254 (0.010) >a) bes 0,610 (0.024) 
0,127 (0.005) 0,406 (0.016) 
2,235 (0.088) 
2,083 (0.082) 


2,921 (0.115) 
2,591 (0.102) 


ALL DIMENSIONS ARE !N MILLIMETERS AND PARENTHETICALLY IN INCHES. FOUR TIMES 


ACTUAL SIZE 
TIL605 THRU TIL608 


NOT RECOMMENDED FOR NEW DESIGN 


0,483 (0.019) COLLECTOR 
pac m9) 0,254 + 0 026 
7 
So VK 


(0.010 + 0. 001) * 
LENS 
1,550 ne 061) , 7! 2,337 (0.092) 
1,473 (0.058) he -! 058)” i 133 (0.084) 


1,702 (0.067) on 
nn = 0,254 (0.010) LL ° 1,610 (0.024) 
. , 0,127 (0.005) = 406 (0.016) 


AD 


2,235 (0.088) 
2,083 (0.082) 


3,048 (0.120) 
2,540 (0.100) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


FOUR TIMES 
ACTUAL SIZE 





Copyright © 1978 by Texas Instruments Incorporated 
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TYPES LS600, TILGO1 THRU TIL608 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Emitter Voltage 6. 6 ww we ee ee te ee 50 V 
Emitter-Collector Voltage 2. www ww et tt ee th we 7V 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note1) ......2.2.. 50 mW 
Operating Case Temperature Range . 2... ee et ee —65°C to 125°C 
Storage Temperature Range . 1... 1 1 ee ee te tw we ee we ~—65°C to 150°C 
Soldering Temperature (3 minutes) . . . 1. 2. 6 ee et ee eh th we tt ew et et hh 240°C 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


Dark Current Vce=30V, E,=0, 
Tc = 100°C 


Light Current VceE=5V, E_g=20mW/cm?, 
See Note 2 
eee TIL603 
TIL607 
TIL604 7 
TIL608 
Irn = F A, = a 
VCE (sat) Collector-Emitter Saturation Voltage oe ae rence pau | oe fv 


NOTES: 1. Derate linearly to 125°C at the rate of 0.5 mW/°C. 
2. Irradiance (Eg) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten 


linear-filamment lamp operating at a color temperature of 2870 K. 


switching characteristics at 25° C case temperature 


PARAMETER TEST CONDITIONS UNIT 












tf Fal] Time Ri 1kQ, See Figure 1 
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NOTES: 





TYPES LS600, TIL601 THRU TIL608 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





PARAMETER MEASUREMENT INFORMATION 


See Note a ~* 





OUTPUT 
See Note b 





| 

| 
| | 

t, —to—>| a 


TEST CIRCUIT , OUTPUT VOLTAGE WAVEFORM 
FIGURE 1 


a. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times of lass than 50 ns. Incident 
irradiation is adjusted for 1, = 800 BA. 
b. Output waveform is monitored on an oscilloscope with the following characteristics: tp < 25 ns, Rin 2 1 MQ, Cin < 20 pF. 





TYPICAL APPLICATION DATA 


2N2498 





FIGURE 2—LOW-LEVEL DETECTOR AND PREAMPLIFIER 
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TYPES LS600, TILG601 THRU TIL608 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





TYPICAL APPLICATION DATA 





10 k2 
FIGURE 3—OPTICALLY COUPLED AMPLIFIER 


O OUTPUT 





LS600, 
TIL601 = 
THRU 
TIL608 


FIGURE 4—LIGHT PULSE DETECTOR 
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TYPES LS600, TIL601 THRU TIL608 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT. 
vs 
COLLECTOR-EMITTER VOLTAGE 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


i a 






E.= \ TIL602, TIL606 
. Tc = 25°C 


\ 
2 
40 mW/cm? y& See Note 2 








1.8 
« 
oe Ce as ae PA s 
€ i 
E 1.4 & 6 
3 5 
- 1.2 oO 
8 5 
z 1.0 B 4 
Oo 08 a 
's ; 
0.6 LY 
2 
0.4 
0.2 
0 0 
ce) 0.05 0.1 0.15 0.2 0.25 0.3 fe) 4 8 12 16 20 
Veg —Collector-Emitter Voltage—V Veg_—Collector-E mitter Voltage—V 
FIGURE 5 FIGURE 6 
COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR CURRENT 
vs vs 
IRRADIANCE IRRADIANCE 
0.24 4.0 
> Io = es 72 = 25°C 
; a2} .c 3-5 | see Note 2 
3 . See Note 2 
S < 3.0 
a E 
6 0,16 I 
g § 2.5 
o 5 
g 0.12 : 2.0 
a 3 
S ae 3 1.5 
bq . 
3 T 
8 > 10 
ts 0.04 
3 0.5 
wi 
2 
0 0 
20 30 40 50 60 70 80 
Ee—Irradiance—mW/cm2 E_—Irradiance—mW/cem2 
FIGURE 7 FIGURE 8 


NOTE 2: Irradiance (E,) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten 
linear-filament lamp operating at a color temperature of 2870 K. 
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TYPES LS600, TILG601 THRU TIL608 


N-P-N PLANAR SILICON PHOTOTRANSISTORS 





TYPICAL CHARACTERISTICS 








DARK CURRENT RELATIVE OUTPUT 
vs vs 
CASE TEMPERATURE MODULATION FREQUENCY 
10 000 
1.000 
P 100 
3 
5 10 5 
E ro) 
o s 
x 1 8 
3 : 
a 
— o8 
0.01 
0.001 X 
-50 —25 0 2 580 75 100 125 4 10 20 40 100 400 1000 
To—Case Temperature— C fmod—Modulation Frequency—kHz 
FIGURE 9 FIGURE 10 
COUPLING CHARACTERISTICS RELN VE OUIEWE 
OF TIL23 OR TIL24 WITH vs 
TIL602 OR TIL614 CASE TEMPERATURE OF SOURCE AND SENSOR 
100 
70 : SENSOR: 
TIL602 or 
40  TIL6O6 
20 
< 10 ~ 
E a 
5 
= ° 
2 ® 
5 = 
Oo 
= 2 2 
8 a SOURCE: —— SENSOR: 
6! TIL23 or TIL24 LS600, 
0.7 = Ip=50mA —— TIL6O1-TIL6OB 
. LY VcE=5V 
0.4 Cana 
is a it 
0.1 
0.01 0.02 0.04 0.0701 02 04 07 1 -~75 -50 -25 0O 2 50 75 100 125 
Distance Between Lenses—in T.—Case Temperature of Source and Sensor—C 


Cc 
FIGURE 11 


FIGURE 12 
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Normalized Light Current — |, 


1.25 


1,00 


0.75 


0.50 


1.2 


Relative Spectral Response or Output 
o 


—_ 
. 


° 


° 





TYPES LS600, TIL601 THRU TIL608 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





TYPICAL CHARACTERISTICS 


NORMALIZED LIGHT CURRENT NORMALIZED LIGHT CURRENT 
vs vs 
ANGULAR DISPLACEMENT ANGULAR DISPLACEMENT 





1.25 
LS600, TIL605 THRU TILG6O8 
TIL601 THRU TIL6 
1.00 
Va \ a LAO x 
! 
Ri 
/| E Ki 
é 0.75 y, 
2 z 4 
< = / < \ 
3 3 0.50 3 
2 
- PELE EL ELA 
am | 
50° 40° 30°20° 10° 0° 10° 20° 30° 40° 50° 50° 40° 30° 20° 10° 0° 10° 20° 30° 40° 50° 
©—Angular Displacement ©—Angular Displacement 
FIGURE 13 FIGURE 14 


RELATIVE SPECTRAL CHARACTERISTICS 


Output of Tungsten 
Response of Human Eye Source at 2870 K 


=e 
i OA Ea |e 
a nN 
tA 


Output of Response of LS600, 


GaAs TILGO1 — TIL608 


Sources 


ie — Wavelength — um 
FIGURE 15 
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TYPES LS600, TIL601 THRU TIL608 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





TEXAS INSTRUMENTS CUSTOMIZED OPTOELECTRONIC ARRAYS 


The LS600, TIL601 through TIL608 series is available mounted in printed circuit boards for custom-designed array or matrix 
applications. The array is a complete unit, without the problems associated with small, difficult-to-handle components. These 
arrays can be designed for punched-card or tape readers, position indicators, pattern and character recognition, shaft 
encoders, and many other special applications. 


Texas Instruments custom-array techniques offer many advantages: 


The arrays are pre-assembled and tested, ready for installation. 
Custom arrays can be manufactured in almost any configuration to allow maximum design flexibility. 
Sensitivity across an entire array will be matched to within 50%, 


Associated components such as ICs and switches can be mounted directly on the printed circuit board. 


Arrays with components firmly soldered into place on both sides of a printed circuit board are more rugged 
than individually wired sensing devices. 


Specifying optoelectronic arrays is easy; all that is required is a print of the array and the desired specifications. 
TI sales engineers will assist in developing specifications for special applications. 


Standard card-reader and tape-reader arrays are available. 


aa td Pree 20 
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TYPES TIL621 THRU TILG30 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


BULLETIN NO. OL-S 12229, NOVEMBER 1974—REVISED SEPTEMBER 1978 





e Spectrally and Mechanically Matched to TIL41 thru TIL50 IR-Emitter Arrays 
© Recommended for Application in Tape and Card Readers and Encoders 

e Single Element or Arrays from 2 to 10 Elements 

e Center-to-Center Spacing of 2,54 mm (0.100 Inch) 


TIL630 
PNuweenorevewenrs| + {| 2 [ 3 [4 fs fet? ts [e_ 


mechanical data 


Each device has a clear molded epoxy body with silver-plated leads. 





(e) 6° NOM 
2,72 (0.107) = L 3,5 (0.138) f° 


2.72 (0.107) 3,00 (0.118) MAX 
2,46 (0.097) | 2,36 (0.093) 2,49 (0.098) 


1,85 (0.073) 


TiIL621 


0,178 (0.007) 
CATHODE 1,42 (0.056) 0,127 (0.005) 
1,17 (0.048) 


TIL621 SINGLE ELEMENT S 4,02 (0.158) 
TOP AND SIDE VIEWS nom 2,99 (0.118) 
2,54 + 0,51 

(0.100 + 0.020) & 


OOO OO OOOOD TIL621—TIL630 END VIEW 


1,52 (0.060) NOM DIA EACH LENS 2,36 (0.093) TIL625 


1,85 (0.073) 
OC) OY LN CY ON EN CN LN LAS 


1,27 (0.050) 4 
MAX 2,54 (0.100) : 0,661 (0.026) 


18 PLACES 0,457 (0.018) 0,533 (0.021) 
G& = & (See Note b) 0,330 (0.013) 


TOP AND SIDE VIEWS 


NOTES: a All linear dimensions are in millimeters and parenthetically in inches, 
b. Each pin centerline is located within 0,26 mm (0.010 inch) of true longitudinal position, 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Emitter Voltage 2. 1 1 we we ee ee ee te eee ew ee ee ew ew ee FOV 
Emitter-Collector Voltage . 2. 1. ww we ee ee ee ee ee ee 7V 
Continuous Device Dissipation of Each Element at (or below) 

25°C Free-Air Temperature (See Note1) 2... 2. ee ee ee ee ee ee ee ee ee) 6SOmW 
Operating Free-Air Temperature Range... . 1. ee ee ee ee ee ee ee we ee 640°C to 80°C 
Storage Temperature Range. ww ee ee ee ee ee 640°C to 100°C 
Lead Temperature 1,6 mm (1/16 Inch) below Seating Plane for 3Seconds . . . . . 2. 1... ee ew 240°C 


NOTE 1: Derate linearly to 80°C free-air temperature at the rate of 0.91 mW/°C. 
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TYPES TIL621 THRU TIL630 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





operating characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER ee MIN TYP MAX |UNIT 






























-WieRiEco”EniterCotmcar Setaown VoTage [te 10058, eg. 7 _—-v 
Lise OL 
Ip Dark Current Vce = 30 v. =0, 
See Note 3 
IL babi Light Current Matching Factor Vce=5V, Eg =5 mW/cm2, fos | 
IL min 
[Verte ColecorEmiverSowatonVotues [igs 0A mA,_Ey=Smwron®@ | __ 078 [v1 









4] NOTE 2: The single elements only are available in the following selected categories of light current: 
TILG21-1 | TILG21-11 | TILG21-111 Creo IV INCH 
PARAMETER TEST CONDITIONS UNIT 
MIN_MAX [MIN MAX|MIN MAX, 
I, Light Current | VcE=5 V, Ee =5 mWicm2,SeeNote3 | 06 12] 1 2/1.75 35/2 pen Ma 5.5(4.75 95 ae Max 


NOTE 3: Irradiance (Eg) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten 
linear-filament lamp operating at a color temperature of 2870 K. 





switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT 
Rise Time Vec=30V, W=800uA, | 8 


Fall Time RL=1kQ, — See Figure 1 | SY 


PARAMETER MEASUREMENT INFORMATION 





See Note a .* 


OUTPUT 
See Note b 





| 
t, to le—ot— 1 


TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 
FIGURE 1 





NOTES: a. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times less than 50 ns. Incident 
irradiation is adjusted for |, = 800 UA. 
b. Output waveform is monitored on an Oscilloscope with the following characteristics: tp < 25 ns, Rip = 1 MQ, Cip © 20 PF. 
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TYPES TIL621 THRU TIL630 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 





TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


ae om a on i 
! \/ Wa Output of \ 4 
f /\ / | TIL41- \ 
aan 
Phototransistors 
A | 7 oN TIL621-T!1L630 
be ee | | LN 
.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1. 


A—Wavelength—um 











= 
fo) 


0.8 


0.6 


Response of 






0.4 








Silicon 


Relative Spectral Response or Output 


FIGURE 2 


RELATIVE LIGHT CURRENT 
vs 
ANGULAR DISPLACEMENT 





FIGURE 3 
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LS600 RELIABILITY DATA 





LS600 RELIABILITY DATA 


INTRODUCTION 


Texas Instruments designs and builds quality and 
reliability into all the products that it offers in the 
electronic marketplace. The quality control 
organization is uniquely responsible for coordinating 
the total effort and for providing direct action 
necessary to assure that quality and reliability objec- 
tives are met. Accordingly, quality control reaches 
from raw material inputs to evaluation of finished 
goods as evidenced by the many inspections and tests 
shown on the typical light sensor flow diagram in 
Figure 1. 


The reliability data shown in this report is based on 
extensive tests performed by Texas Instruments to 
assure continued leadership in optical sensor quality 
and reliability. More than 31,000 units have been 
subjected to life test with an accumulation of over 
30,000,000 device hours. The data is complete, 
representing all devices produced during the years 
1966 through 1977. The tests were performed on 
ungraded, unburned-in devices and are typical of TI 
sensor products. 


OPERATING LIFE TESTS 


The 25°C life tests were performed with incident 
light intensity adjusted for power dissipation of each 
device of 50 milliwatts at 10 volts VcE. Readings of 
dark current (!p) and light current (IL) were made 
at 0, 250, 500, and 1000 hours. Failure criteria were 
0.2 uA maximum for Ip and 20% degradation of 
limits for IL. A total of 3210 sensors were tested to 
these criteria with 6 failures. These samples were 
taken from lots whose total count exceeded 
1,050,000 sensors. Data from these tests are shown in 
Figure 2. 


The 55°C life tests were performed with incident 
light intensity adjusted for power dissipation on each 
device of 50 milliwatts at VcE = 10 V. Readings of 
dark current (Ip) and light current (I,_) were made 
at 0, 168, and 1000 hours. Failure criteria were 


0.2 uA maximum for Ip and 40% change in IL_ within - 


original specification limits. A total of 12,059 units 
were tested to these criteria with 45 failures. These 
samples were taken from lots whose total count 
exceeded 7,000,000 sensors. Data from these tests are 
shown in Figure 3. 


The long-term reliability of the LS600 sensor is 
demonstrated by the plots shown in Figure 6 and 
Figure 7. The data is completely representative of all 
tests conducted during the reporting period. The 
projected degradation limits are based upon the 
exponential distribution of failure. Extended tests 
performed on small samples confirm that the degrada- 
tion is within the limits as shown. 


ENVIRONMENTAL TESTS 


The tests listed in Figure 8 were performed on 
samples of the product with the catastrophic or 
degradation failures as shown. It must be pointed out 
that test conditions shown are not the ultimate 
strength of the product but represent the test 
requirements imposed by our customers. The 
ultimate strength of these devices is much higher in 
most cases. Inquiries concerning response to 
particular requirements should be addressed to your 
T! sales representative. 


HIGH-TEMPERATURE REVERSE BIAS 


Devices are stored in dark ovens at 150°C with 
45 volts applied for 1000 hours. Readings of dark 
current (Ip), breakdown voltage (V(BR)CEO), and 
light current (1) were made at 0, 168, and 1000 
hours. Failure criteria were 0.2 pA maximum for Ip 
and 60% degradation within original limits for IL. A 
total of 12,023 units were tested to these criteria 
with 64 failures. These samples were taken from lots 
whose total count exceeded 7,000,000 sensors. Data 
from these tests are shown in Figure 4. 


STORAGE LIFE TESTS 


Devices were stored in ovens at 150°C for 500 and 
1000 hours (depending upon requirements). Readings 
of dark current (Ip) and light current (IL) were 
made at 0, 250, and 1000 hours. Failure criteria were 
0.2 uA maximum for Ip and 20% degradation of 
limits for IL. A total of 1829 units were tested to 
these criteria with 6 failures. These samples were 
taken from lots whose total count exceeded 745,000 
sensors. Data from these tests are shown in Figure 5. 
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LS600 RELIABILITY DATA 
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CHIPS 


PACKAGE 
ASSEMBLY & VISUAL INSPECTION 


V 


@ VISUAL INSPECTION 
ELECTRICAL TEST 


€ ATTACH CHIP 


Co VISUAL INSPECTION 


INTERCONNECT BONDING 





VISUAL INSPECTION 


LENS AND 


RETAINING @ VISUAL INSPECTION 
RINGS 


\/ ( ) BAKE 


C ) ASSEMBLE 


C ) VISUAL INSPECTION 


SEAL 


@ VISUAL, HERMETICITY, AND 
ELECTRICAL TESTS 


STABILIZE 
VISUAL INSPECTION 
GROSS LEAK TEST 


LEGEND 
ELECTRICAL TESTS 


MATERIAL INPUT 


s ELECTRICAL TESTS 


MANUFACTURING STEP VISUAL INSPECTION 


PEO] 





INSPECTION 100% @ PACKING 
QUALITY CONTROL INSPECTION 
OR TEST @ INSPECTION 
TS SHIP 
FIGURE 1. Typical Light Sensor Flow Diagram 
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LS600 RELIABILITY DATA 








IL INITIAL vs 500 HOURS @ 25°C Ip INITIAL vs 500 HOURS @ 25°C 
0.1 
VceE=5V 
Eg = 20 mW/em2 
< ¢ 
i goo 
: Z 
> A - 
2 Ff] < 
a = 
= E 0.001 
= < 
74 h- A 
Fr | 0.0001 
0.0001 0.001 0.01 0.1 
FINAL VALUE mA FINAL VALUE LA 


DEGRADATION FAILURES 
resteo | Hours | raiunes | ToraL -FARURE BATE IN 27,000 HOURS wean Time BETWEEN 
60% CONFIDENCE [90%CONFIDENCE FAILURES 


{3210 | 2,847,000 | oT 20 0383 390,000 HOURS 





FIGURE 2, Operating Life at 25°C 









I, INITIAL vs 1000 HOURS @ 55°C Ip INITIAL vs 1000 HOURS @ 55°C 
158 

VceE=3V 

E,=20 mW/cm2 
: 4 
i 10 z 

> 
2 al 
= < 
< > 
> a 
a 
< = 
= Lg 
2 z 
15 0.0001 0.001 0.01 0.1 
FINAL VALUE mA FINAL VALUE LA 


DEGRADATION FAILURES 
UNITS UNIT CATASTROPHIC FAILURE RATE IN%/1,000 HOURS | MEAN TIME BETWEEN 
TESTED rere FAILURES — | TOTAL IEo%, CONFIDENCE [90%CONFIDENCE FAILURES 


[iz0sa_| 2ossp00] 0 | «5 | 039 | 045 | 260000 HOURS 


FIGURE 3. Operating Life at 55°C. 
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LS600 RELIABILITY DATA 








iL INITIAL vs 1000 HOURS HTRB Ip INITIAL vs 1000 HOURS HTRB 
VceE =3V 
E, = 20 mW/cm2 
< 
E q 
Ww Ww 
2 > 
wad wl 
< < 
> > 
ad a 
< < 
= E 
2 2 
0.0001 0.001 0.01 0.1 
FINAL VALUE mA FINAL VALUE pA 


DEGRADATION FAILURES 
na [rm 
FAILURES 
| 12,023 | 12,023,000 [ =o et os CE 2 CES 178,000HOURS _| 





‘FIGURE 4. High-Temperature Reverse Bias 





IL, INITIAL vs 500 HOURS BAKE @ 150°C Ip INITIAL vs S00 HOURS BAKE @ 150°C 
0.1 
VcE =5V 
Eg = 20 mW/cm2 
¢ 
E Bs J | 
rm w «(0.01 - 
> 2 
2 a 
< < 
> > 
- a 
= < 
rE = 0.001 
= z 
0 1 2 3 4 5 9.008 001 0.001 0.01 0.1 
FINAL VALUE mA FINAL VALUE pA 


DEGRADATION FAILURES 


UNITS UNIT CATASTROPHIC FAILURE RATE 1N%/1,000 HOURS | MEAN TIME BETWEEN 


aPenee HOURS FAILURES — | TOTAL [Eoe, CONFIDENCE [90%CONFIDENCE FAILURES 


sossoo J 0 | 0 | 078 | 11 | 1,040,000 HOURS 





FIGURE 5. High-Temperature Storage 
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30% 


20% 





LS600 RELIABILITY DATA 








FIGURE 6. % Aly, vs Operating Life at 25°C 


PROJECTED 


HOURS 


FIGURE 7. % Aly, vs Operating Life at 55°C 
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LS600 RELIABILITY DATA 





MIL-STD-750 Failures 


Quantity ; 
T 
est Tested (Catastrophic or 


Method Degradation) 


Solderability: 240°C, 3 Minutes 

Temperature Cycle: 5 Cycles, 30 Min., —65 to +125°C 
Temperature Cycle —40°C to 100°C, 5 Cycles, 30 Minutes 
Thermal Shock: 5 Cycles 

Moisture Resistance 


" Shock, Impact: 1000 g, 5 Each Axis, 0.5 millisecond 





Vibration, Variable Frequency: 10g 
Vibration Fatigue: 10g 

Constant Acceleration: 10kg, 1 Min. 
Barometric Pressure: 15mmHg, 45 V 


Hermetic Seal: Test Condition E 





FIGURE 8. Environmental Test Results 


TIL601HR THROUGH TIL604HR HIGH-RELIABILITY 
PHOTOTRANSISTORS 


Texas Instruments has always been known as a producer of high-quality products, and the LS600 series phototransistor 
is no exception as evidenced by the testing of more than 31,000 units with an accumulation of over 30,000,000 hours 
without a catastrophic failure. This small pill package, developed by Texas Instruments, has an excellent record for 
reliability over more than 10 years in military and aero-space applications. Utilizing the expertise, techniques, and 
processes developed during these years of building the LS600 phototransistors to high-reliability customer specifications, 
Texas Instruments now offers the TIL601HR thru TIL604HR as standard high-reliability devices to customers requiring 
extra reliability in their applications. 


The phototransistors and the complementary TIL23HR and TIL24HR infrared emitters are now available as standard 
product items. For more information, contact your nearest TI sales representative, or Optoelectronics Department 
Product Marketing. 
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QUICK REFERENCE GUIDE 
OPTO-COUPLERS 


eae VOLTAGE ae MINIMUM CTR 
DEVICE (%) FEATURES 













JEDEC, Meta! can 





JEDEC, Plastic DIP 





100 
200 (800 max) 
400 (1600 max) 







JEDEC, Metal can 


Plastic DIP 
Metal can 
100 


MCT2 

TIL102 

TIL108 

TIL11T 
TIL112 
TIL113 
TIL114 
TIL115 
TIL116 


TIL117 
TIL118 


st 


| eae 
1.0 
1.0 
4N47 
4N48 
4N49 
1.5 


Plastic DIP 









TIL119 3 
TIL120 25 
Metal can 
TIL121 50 
TIL124 10 














= 
ao 









TIL125 20 High voltage, Plastic DIP 
TIL126 50 

TIL128 300 

TIL153 3.54 10 3 : 
TIL154 3.54 25 20 High voltae) Plastic DIP, 
TIL155 3.54 50 UL File E-65085 





High voltage, Darlington, 
UL File E-65085, Plastic DIP 


TIL156 
TIL157 


TIAN, JANTX, JANTXV levels to MIL-S-19500/486A USAF are also available, 
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TYPES 4N22, 4N23, 4N24 
OPTO-COUPLERS 


BULLETIN NO. DL-S 12013, AUGUST 1973 





JEDEC REGISTERED DEVICES 
GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 


e JAN, JAN TX, JAN TXV Versions Available 
e Base Lead Provided for Conventional Transistor Biasing 
e@ High Overall Current Gain... 1.5 Typ (4N24) 


e High-Gain, High-Voltage Transistor ... hFE = 800 Typ (4N24), 
V(BR)CEO = 35 V Min 


e High-Voltage Electrical Isolation ...1-kV Rating 
e Stable over Wide Temperature Range 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL LEADS INSULATED FROM CASE 


4,70 (0.185) 6 LEADS 
394 (0.158 
0,483 (0. 019) DIA 
ae 02 ( al 0,406 (0.016) 


8,51 (0, i? ae 40 ssa | 370} 


7.74 (0.308) — 881 (0386) Bm dicsen 


4 Ye 8750008) 
08 (0.200) == 0,864 (0.034) 
. ‘ *X 6,717 (0.028) 


L127 10500 


{See Note b) NC-NO INTERNAL CONNECTION 


NOTES: a. All linear dimensions are in miilimeters and parenthetically in inches. 
b. Leads having maximum diameter shall be within 0,18 mm (0.007 inches) of true position relative 
to a maximum-width tab when measured in the gaging plane between 1,371 mm (0.054 inches) 
and 1,397 mm (0,055 inches) below the seating plane, 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output Voltage 2 1. 1 ww ee t1kV 
Collector-Base Voltage ... Slike sich Gi, Mon aeate oh wae Vert “Aya, eG we eee a Se SEV 
Collector-Emitter Voltage (See Note 1) bs athe an See Mince Larne atone ie oe He at, hae Re oe a TS DLV. 
Emitter-Base Voltage Gas eer ee we Fae Suh at hie sg Ha? See. te SNe = Geet anna AO ag Sas Ge ap oy 4V 
Input Diode Reverse Voltage a fo eee 2 
Input Diode Continuous Forward Current at tei Belch) 65° C Free: Air Tanperstare (See Note 2) ~ 2... 40MA 
Continuous Collector Current . 2. 2. 1 2 ww ee ee ee ee ee eee ee ee ee ee) 6BOMA 
Peak Diode Current (See Note3) ... . 6 i ee ae ve, SLA 
Continuous Transistor Power Dissipation at i6é balow! 25° C Free- Air Periperature (See Note 4) . . . . 300 mW 
Storage Temperature Range .. . Po ee ee ee ee ee) 655°C to 125°C 
Lead Temperature 1,6 mm (1/16 Inch) fiom Gass rat 10 Siscnde tek, Be ok, Cokes Ge PA a, Mae c? “aA at ies 240°C 


NOTES: 1. This value applies with the emitter-base diode open-circuited and the input- -diode current equal to zero. 
2. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C, 
3. This value applies for ty, < 1 us, PRR < 300 pps. 
4. Derate linearly to 125°C free-air temperature at the rate of 3 mw/°c. 


*JEDEC registered data. This data sheet contains all applicable JEDEC registered data in effect at the time of publication. 
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TYPES 4N22, 4N23, 4N24 
OPTO-COUPLERS 





*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


MIN TYP MAX|MIN TYP MAX 

























ee ee 
| MIN TYP _MAX|MIN TYP MAX 
Wideiane Collector-Base Ic = 100 nA, le =0, pf we 
Breakdown Voltage I- =O 
Collector-Emitter lc=1mA, tp =0, 
V(BR)CEO Breakdown Voltage Ip =0 38 
Breakdown Voltage !p =0 
eae ee ee) eT 
Reverse Current 
Vce=5V, Ig =0, 
VceE=5V, Ip =0, 
Collector Current Vce =5V, Ip = 0, 
VcE=5V, Ip = 0, 
VceE = 20V, Ip = 0, 
Collector Current Vce = 20V, Ip =0, 100 00 00, 
Ie = 0, Ta = 100°C 
VF ip = 10mA XO 
Forward Voltage S 
IF = 10 mA, Ta = 100°C 0.7 1.2 





IC =2.5 mA, Ig =0, 

Ic =5mA, Ig =0, 

Ico =10mA, Ig = 0, 
Ip = 20mA 


Input-to-Output v iAiiee ess eae jo1t 
in-out = t , See Note 
"10 Internal Resistance mn-OUk 
c Input-to-Output Vin-out = 9 f= 1 MHz, 
bs Capacitance See Note 5 
*switching characteristics at 25°C free-air temperature 


SKAAMETER restconpitions  -_—4N22__|_ _4n2za__ | ang 
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX 


Vee=10V,Ir(on=tOmA | SPST as 


NOTE 5S: These parameters are measured between al! the input diode leads shorted together and al! the phototransistor leads shorted together. 


Collector-Emitter 
VCE (sat) 


< 










Stauration Voltage 


















*“JEDEC registered data 
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TYPES 4N22, 4N23, 4N24 
OPTO-COUPLERS 





*PARAMETER MEASUREMENT INFORMATION 






INPUT 
200 2 0 | |_ 
INPUT i H 
He ton > bee tote oy 
OUTPUT ' { 
(See Note b) Adjust amplitude of input joy tf fe 
Ay 100% pulse for !F (on) = 10 MA \ 1 OUTPUT \ | 
1 
1 
! 
= 1 
’ 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zoyz = 50 2, tp < 15 ns, ty = 100 ws, duty 
“cycle ¥ 1%, 





b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 12 ns, Rjp= MQ, Cin S 20 pF. 
*JEGEC registered data FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 
4N22 4N23 
COLLECTOR CURRENT COLLECTOR CURRENT 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


Ip=0 
TA = 25°C 


z 
z 
2 
8 
o 


eT 


_ 
el 
meal 
ie 
a 
el 
| 
— 
Pe] 


I¢—Collector Current—mA 


\ 
: 
ae 


= 
vad 
pee 
We —t | 
| — 
ficial 
ae 


VceE—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V 
FIGURE 2 FIGURE3 > 


r 


A 





4N24 
COLLECTOR CURRENT 
vs 


COLLECTOR-EMITTER VOLTAGE 





{¢—Collector Current—mA 





VcE-Collector-Emitter Voltage—V 
FIGURE 4 


NOTE 6: This parameter was measured using pulse techniques. ty, = 100 us, duty cycle = 1%. 
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TYPES 4N22, 4N23, 4N24 
OPTO-COUPLERS 


TYPICAL CHARACTERISTICS 


NORMALIZED ON-STATE COLLECTOR CURRENTt 
vs 


INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS FREE-AIR TEMPERATURE 


'p—Forward Current-mA 








Normalized On-State Collector Current—IC(on)t 





O 02 04 06 08 1.0 1.2 14 16 18 2.0 ~-~75 -50 -25 O 25 50 75 100 125 
Ve—Forward Voltage—V Ta—Free-Air Temperature—°C 
tNormalized to value at Ta = 25° C 


FIGURE 5 PHOTOTRANSISTOR COLLECTOR CURRENT FIGURE 6 
7 VS 


tce—Phototransistor Collector Current- mA 





Ig¢—tnput-Diode Forward Current—mA 














4N22, 4N23 
OFF-STATE COLLECTOR CURRENT FIGURE 7 AVERAGE SWITCHING TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD RESISTANCE 
4 4 
| | 
tet a 
S E 
5 - 
Qo = 
§ 8 
3 z a 
2 S pe 
ro) vo 
; | 
5 z — 
1 S| af — = 
5 dl Fe Con tot 
xe) 5 a Th | 
a 
-50 ~-25 0 25 50 75 100 125 10 40 100 400 1k 4k 10k 
Ta—Free-Air Temperature—"C Ri —Load Resistance-Q 
FIGURE 8 FIGURE 9 


NOTE 7: This parameter was measured in the test circuit of Figure 1 with Ry varied between 40 2 and 10 kQ. 
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TYPES 4N22, 4N23, 4N24 
JAN, JANTX, AND JANTXV PROCESSING 





This processing applies only to opto-couplers ordered under part numbers shown below: 


JAN 4N22, JANTX 4N22, JANTXV 4N22 

JAN 4N23, JANTX 4N23, JANTXV 4N23 

JAN 4N24, JANTX 4N24, JANTXV 4N24 
100% Processing 


TEST MIL-STD-750 
JANTX | JANTXV 
(PER MIL-S-19500/486A) TEST METHOD 
Internal visual 


Storage: Ta = 125°C, t= 72h (This test is not required by 
MIL-S-19500/486A) 

Temperature cycle: —55°C to 125°C, 10 cycles 1051 
Constant acceleration: 20,000 G, Y4 axis 2006 
High-temperature reverse bias: !— =0, Ta = 125°C, Vcg = 20 V,t=96h 1039 

Power burn-in: If = 40 mA, Pp = 275 + 25 mW, t = 168h 1039 
Hermetic seal, fine 1071 Cond. G or H 
Hermetic seal, gross 1071 Cond. Cor D 
External visual 2071 





Product Acceptance 
Group A 
External visual: LTPD is 10 for JAN, 7 for JANTX and JANTXV 2071 
Electrical: Ta = 25°C, LTPD is 7 for JAN, 5 for JANTX and JANTXV as needed 
Electrical: Ta = 100°C, LTPO is 10 for JAN, 7 for JANTX and JANTXV as needed 
Electrical: Ta = —55°C, LTPD is 10 for JAN, 7 for JANTX and JANTXV as needed 


Group B-1: LTPD = 15 
Solderability 2026 
Thermal shock 1051 Cond. B 
Thermal shock 1056 Cond. A 
Hermetic seal, fine 1071 Cond. G or H 
Hermetic sea}, gross 1071 Cond. G or H 
Moisture resistance 1021 


Group B-2: LTPD = 10 
Shock: 1500 G 
Vibration: 50G 
Acceleration: 30,000 G 


Group B-3: LTPD = 20 
Isolation voltage: Vig = 150 V, Ta = 125°C, t= 24h 


Group B-4: LTPD is 7 for JAN, 5 for JANTX and JANTXV 
High temperature life (nonoperating): Ta = 125°C, t = 340h 


Group B-5: LTPD is 7 for JAN, 5 for JANTX and JANTXV 
Steady-state operating life: t= 340h 
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TYPES 4N22, 4N23, 4N24 
JAN, JANTX AND JANTXV PROCESSING 


TEST MIL-STD-750 JANTX | JANTXV 
(PER MIL-S-19500/486A) TEST METHOD ' 


(Group C tests are run on one Iot every six months) 
Group C-1 
Barometric pressure: LTPD = 10 


Group C-2 
Physical dimensions: LTPD = 20 


Group C-3 (MIL-STD 202, Method 215) 
Resistance to solvents: LTPD = 10 


Group C-4 
Terminal strength 2036 Cond. E 


Group C-5 
Salt atmosphere: LTPD = 10 


Group C-6 
High-temperature life (nonoperating): Ta = 125°C, t = 1000 h, 
LTPD is 7 for JAN, 5 for JANTX and JANTXV 


Group C-7 
Steady-state operating life: t = 1000 h, LTPD is 7 for JAN, 
5 for JANTX and JANTXV 
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TYPES 4N25, 4N26, 4N27, 4N28 
OPTO-COUPLERS 


BULLETIN NO. DL-S 12648, SEPTEMBER 1978 


COMPATIBLE WITH STANDARD DTL AND TTL INTEGRATED CIRCUITS 







oe Gallium Arsenide Diode Infrared Source Optically Coupled 
to a Silicon N-P-N Phototransistor 


e@ High Direct-Current Transfer Ratio 

o High-Voltage Electrical Isolation... 2.5-kV, 1.5-V, or 0.5-kV Rating 
eo Plastic Dual-In-Line Package 

© High-Speed Switching... tp = 2us, te = 2 us Typical 

mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity 
conditions. Unit weight is approximately 0.52 grams. 


8,89 (0.350) 


8,13 (0.320) NOTES: 
©O®@ a. All linear dimensions are in millimeters and paren- 
thetically in inches, 
q INDEX DOT b. Leads are within 0,127 (0.005) radius of true position 


eaNeabe (T.P.) with maximum material condition and unit 


6,61 (0.260) i 

09 (0.240) O@® installed. 
5,46 (0.218) _c, Pin 1 identified by index dot. 
2.92 (0.115) 1.78 (0.070) MAX Gy 





6 PLACES . Terminal connections: 
. Anode Infrared-emitting 


— SEATING PLANE Cathode diode 
0,305 (0,012 1,78 (0.070) 1,01 (0.040) 
6.203 on 0.51 (0.020) MIN No internal connection 


oe 2,03 (0.080) Emitter 
3,81 (0.150) 1,27 (0.060) " 
317 (0.125) 4 PLACES 0,534 (0.021) . Collector Phototransistor 
0,387 (0.015) 
2,54 (0. 100) T.P. 6 PLACES . Base 
(See Note b) 


*FALLS WITHIN JEDEC MO-001AM DIMENSIONS 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


“Peak Input-to-Output Voltage: 4N25 0 ww we ee ee eee 26 KV 
4N26,4N27 . 2. 2 1 ww ee ee ee ee ee ee ew ew EVE KV 
QN2B) nh Gi we a BP ee ee we ae Se ee we eee a le OIBIRV 
*Collector-Base Voltage . .. . baht. Poae ies SOR A eh eee ae ote ay Ge we SA ng 270 
*Collector-Emitter Voltage (See Note 1) as A ate Bay oe Be a, ee et og dee Se Be be aot ae dee ee ah a J I8OKV 
TEmitter-Colisetor Voltage... so-o 2 Go aga oe dere wer de tes-Sud?, Srep-koer fen A es ee we wee ae EM 
Emitter-Base Voltage agen, BY Beech an BR Gal oe esas <taes aY Gotwin gai dal ties Newtabe MD aby Jeb We Sa ke? tee ce. ete A EM 
*|nput-Diode Reverse Voltage .. . eA ache at OM 
* Input-Diode Continuous Forward Current at ior bélovil 25° c Free: ‘Air Tainperatiira (See Note 2) - . « . B8OMA 
“Input: Diode Peak Forward Current (ty = 300 us, duty cycle=2%). . . ... 2... 2 ew ee ew ees 2 SA 
*Continuous Power Dissipation at (or below) 25 C Free-Ajir Temperature: 
Infrared-Emitting Diode (See Note3)  . 2. 1. ww we ee ee ee ew we 150 mw 
Phototransistor (See Note4) . . ... soca Oi, OE an ee bee Ste we A ASO MW 
Total, Infrared-Emitting Diode plus Phot tidiictstar ‘(See Note 5) KR ey ye HE a Be a ee a 250 MW. 
"Storage Temperature Range .. . bk a Ook ow GS Bok eo te = 59 C0 150°C 
*Lead Temperature 1,6 mm (1/16 Inch) fain Case fai 10 Seecnds pth Gem's, tay eu oe: at far, Tah hace Je ep ee OOS 
NOTES: . This value applies when the base-emitter diode is open-circuited. 


1 

2. Derate linearly to 100° C free-air temperature at the rate of 1.33 ma/* Cc. 

3. Derate linearly to 100°C free-air temperature at the rate of 2 mw/* Cc, 

4. Derate linearly to 100°C free-air temperature at the rate of 2 mw/°c. 

Derate linearly to 100 C free-air temperature at the rate of 3.33 mw/°c. 

"JEDEC registered data. This data sheet contains all applicable JEDEC-registered data in effect at the time of publication. 


° 


SF . 
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TYPES 4N25, 4N26, 4N27, 4N28 
OPTO-COUPLERS 





electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


ee 4N27, 4N28 
PARAMETER TEST CONDITIONS 


U 
MIN [MIN TYP MAX| MAX| MIN TYP MAX 
*ViBRICBO Collector-Base Breakdown Voltage Io = 100 HA, Ie =0, IF =O ee 
*ViBR)CEO Collector-Emitter Breakdown Voltage | Ic =1mA, I!g =0, Ip =0 aaa 





















z 
4 





I 
*ViBR)ECO Emitter-Collector Breakdown Voltage | tg = 100 uA, Ig =0, Ip =0 
*IR Input Diode Static Reverse Current VR=3V 


On-State Collector Current 
*| VcE=10V, Ip =0, te =10mA 2 5 
Clon) (Phototransistor Operation) ce 5 ae el 
On-State Collector Current 
(Photodiode Operation) 
Off-State Collector Current 
*| VceE=10V, 
Cloff) _(Phototransistor Operation) 
Off-State Collector Current 
*| Veep =10V, Ie = 
Cloff) (Photodiode Operation) cB E 


. F : : ae 
‘Ve Input Diode Static Forward Voltage | Il—F =10mA | 4.25 1.5] 


(Clon) Vcp = 10 V, Ip =10mA 





*VCE(sat) _ Collector-Emitter Saturation Voltage |IG¢ =2mA, Ip =0, Iz =50mA 


Vin-out = +2-5 kV for 4N25, 
+1.5 kV for 4N26, 4N27, 
+0.5 kV for 4N28, 
See Note 6 
Vin-out =90, f= 1MHz, See Note 6 

















Input-to-Output Internal Resistance 









Input-to-Output Capacitance 


NOTE 6: These parameters are measured between both input diode leads shorted together and all the phototransistor leads shorted together. 
*JEDEC registered data 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
Rise Time fe | Vec= 10V, Ig =0, IC(on) =2mMA, 
Fall Time fe | R_ = 100 2, See Test Circuit A of Figure 1 


ft «Rise Time Time Photodiode Vec= 10V, le =0, IC(on) = 20 zA, 
Operation Ri =1kQ, See Test Circuit B of Figure 1 
PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: 
IC(on) = 2 MA (Test Circuit A) or — 
IC(on) = 20 HA (Test Circuit B) 












INPUT 
f a7 2 
472 
INPUT a INPUT 
OUTPUT : 
(See Note b) b—ot— tr ty +e 
RL = 1002 1 4 Shoda i | OUTPUT 
J (See Note b) 
| 
! 
= ' = 
t 
10% 10% 
TEST CIRCUIT A TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 


NOTES: a, The input waveform is supplied by a generator with the following characteristics: Zo,4 = 50 2, tr < 15 ns, duty cycle © 1%, 
tw = 100 Us. 
b. The output waveform is monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rin = 1 MQ, Cin < 20 pF. 


FIGURE 1 — SWITCHING TIMES 
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TYPES 4N47, 4N48, 4N49 
OPTO-COUPLERS 


BULLETIN NO. DL-S 12600, FEBRUARY 1978 





GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 
© Very High Current Transfer Ratio... 800% Typ 
@ Photon Coupling for Isolator Applications 
e Base Lead Provided for Conventional Transistor Biasing 
e High-Gain, High-Voltage Transistor 
e High-Voltage Electrical Isolation ... 1-kV Rating 
e Stable over Wide Temperature Range 
description | 


This opto-coupler features a minimum current transfer ratio (CTR) of 100% at an input of one milliampere making it 
ideal for coupling with isolation from low-output MOS and CMOS devices to power devices or other systems. Typical 
applications include motor-speed controls, numeric control systems, meters, and instrumentation. 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0. 0,185(4,70) 70) 6 LEADS 
O755(3,94) 94) 0.019(0, 0.019(0,483) ,, 
0.04011; cal 0.01610, 406) 
a MAX 


ude 4 51) asa | 40) 5 
0,305(7,74) pane: 335(8; rar 0.045(1,14) 


| \ j 0.02910,73) 
0.034 (0,864) 
0.200(5,08) 0.034 (0,864) 

|. 0.500112, 7) DIA 0.028 (0,711) 


MIN (See Note b) 


NOTES: a. All linear dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 
b. Leads having maximum diameter shall be within 0.007 (0,18) of true position relative toa 
maximum-width tab when measured in the gaging plane between 0.054 (1,371) and 
’ 0.055 (1,397) below the seating plane. 





*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output Voltage 2. 2 6 6. ke ee ee eee ee eee ETKV 
Collector-Emitter Voltage: <5. aos ue ean ee ee ee a sO es cel ele a ditt ke a CBE 
Collector-Base Voltage a Sa BR ce fie eho ce tee ee i Bd eee, ee we EO “ae ae ae BBV 
Emiitter-Base Voltage. 2 cee cee ee en St a a a Oe eo a ee ee ee He ee ee a aM, 
Input Diode Reverse Voltage .. . Bost. Yor ek 7 Kin tat sas ae es ee oes Vi 
Input Diode Continuous Forward Current: at ‘ below) 65° C Free-Air Tennparaturé (See Note 1) -... 40mA 
Continuous Collector Current . 2. 1. 2 we ee ee ee ee ee eee ee eee ee e)6BOMA 
Peak Diode Current (See Note 2) 2 in dee BA fig: Bods aot a OTA 
Continuous Transistor Power Dissipation at (or below} 25° Cc Ere: Air Tempocatiire (See Note 3) . . . . . 300 mW 
Operating Free-Air Temperature Range . . . 2. 1 ee ee ee —55°C to 125°C 
Storage Temperature Range . . . . Boi iat yb ai. Ree ht eee tye, E-acten a a ep eS GAOt2o © 
Lead Temperature 1/16 Inch (1.6 mm) om Case for 10 Seconds 2. 26 6 ee ee ee ee 240°C 


NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°?C. 
2. This vatues applies for ty, < 1 us, PRR < 300 pps. 
3. Derate linearly to 125°C free-air temperature at the rate of 3 mw/°c. 


*“JEDEC registered data. This data sheet contains all applicable JEDEC registered data in effect at the time of publication. 
Copyright © 1978 by Texas Instruments Incorporated 
TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 
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TYPES 4N47, 4N48, 4N49 
OPTO-COUPLERS 





*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 






[—_anay___[__4nas_anap__| 
MIN TYP MAX]MIN TYP MAX|MIN TYP MAX 


7 Collector-Emitter | Ic =1mA, Ig =O, 
(BRICEO Breakdown Voltage| Ip =0 





PARAMETER TEST CONDITIONS 


Collector-Base Io = 100 pA, Ig =0, 








Vv 
(BRICBO Breakdown Voltage} IF = 0 


Emitter-Base Ie = 100 LA, Ic =0, 
V(BR)EBO 
Breakdown Voltage} If = 0 


Input Diode Static 


A 
Reverse Current 


UNIT 
= 
pee 

cer Ce 


IF=tmA 
Vce=5V, Ig =O, 
0.7 ; 
lp =1mA, Ta = 100°C 
Vce=5V, Ip =0, 
VceE = 20V, Ig =0, 
so a ee 
Vce = 20V, Ig =0, 


Ip =10 mA, 08 14 15 O8 14 15] 08 14 15 
le=10mA, —- Ta=100°C| 0.7 1.3| 0.7 13] 07 1.3] 


Ic=1mA, lg =0, 
lp =1mA 
a a ; 


IR 





On-State 


I 
Clon) Collector Current 



















Off-State 


l 
Cloff) Collector Current 



















Input Diode Static 
Forward Voltage 









Collector-Emitter 
Saturation Voltage 





Vv 
CE(sat) Ic =10 mA, Ig =0, 


Ip =10mA 


Input-to-Output 
see ome | ee le 
2 Capacitance See Note 5 








NOTES: 4, This parameter must be measured using pulse techniques. ty, = 100 us, duty cycle < 1%. 


5. These parameters are measured between both input diode leads shorted together and all the phototransistor leads shortcd 
together. 


*switching characteristics at 25°C free-air temperature 


U 
Vec=10V, Ig=0,  Icion)=5mA, RL=1009, jas | 
Operation See Test Circuit A of Figure 1 a 

Photodiode Vec=10V, Ile=0,  § I¢(on) =50HA, R= 1002, 


See Test Circuit B of Figure 1 
























*JEDEC registered data 
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TYPES 4N47, 4N48, 4N49 
OPTO-COUPLERS 









PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: 
Ic(on) = 5 MA (Test Circuit A) or 
IC(on) = 50 HA (Test Circuit B) 





INPUT 
oe INPUT 9 = tes INPUT 
I J 
b@ ton > be tof fod 
OUTPUT | 1 
(See Note b) eet tf Le ol 
Ri =1002 I 1 OUTPUT ‘ 1 OUTPUT 
| (See Note b). 
! 
! 
= ( 
i] 

TEST CIRCUITA TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 
NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zgy¢ = 50 2, t, < 15 ns, duty cycle ~ 1%. For 

Test Circuit A, ty = 100 us. For Test Circuit B, ty = 1 us. : 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tr < 12 ns, Rin 2 1MS2, Cin < 20 PF. 


FIGURE 1—SWITCHING TIMES 





TYPICAL CHARACTERISTICS 


INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS 


|—-—Forward Current—mA 





Ve—Forward Voltage—V 


FIGURE 2 
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TYPES 4N47, 4N48, 4N49 
OPTO-COUPLERS 





TYPICAL CHARACTERISTICS 


4N47 4N47 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 












80 
IF =10mA] to 

70 LTA ae 
< 60 a <x 
E —— ae E 
: acme “ 
p °° eae pace E 
| = 
2 40 ae 5 
2 SS 5 
2 30 tT ay 2 
8 ea 8 
=e EE j 

10 oe ee 

mal 

0 TE Ve ST) (EC 

0 1 2 3 4 5 

VcE—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V 
FIGURE 3 FIGURE 4 
4N47 4N47 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs 
vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


Collector Current—mA 


Ic—Collector Current—mA 


Ic 





VcE—Collector-Emitter Voltage—V Vce-Collector-Emitter Voltage—V 


FIGURES FIGURE 6 


NOTE 6: This parameter was measured using pulse techniques, ty, = 100 us, duty cycle= 1%. 
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TYPES 4N47, 4N48, 4N49 
OPTO-COUPLERS 





TYPICAL CHARACTERISTICS 


4N47 4N47 
COLLECTOR CURRENT 
vs 
INPUT DIODE FORWARD CURRENT TRANSISTOR COLLECTOR CHARACTERISTICS 


































16 
=. | 
14 Ta =25°C 
< See Note 6 _ 
t F12 <I 
EL Lee 
8 = 5 10 ees 
s [og O 
. Sea 8 eee 
- CSRS RA Sa Tk ae a 1 2 sl hss See oe — 
Se es 2 IZ ees eel 
LL CU) «os Wee 
1 +} +} —} ff} |__|} + —-¢_+-_+-4-4 
& 07 == oe 
— a ee —_ a 4 ! eel 
0.46 TT yr 
4A a — 
Gok 7 0 
pa a A= ace 
0.1 Ph Ze ese CN 
0.1 02 04 07 1 2 4 710 0 1 2 3 4 5 
Ip—Forward Current—mA VceE—Collector-Emitter Voltage—V 
FIGURE 7 FIGURE 8 
COLLECTOR CURRENT 
ws RELATIVE ON-STATE COLLECTOR CURRENT 
COLLECTOR-BASE VOLTAGE vs 
(PHOTODIODE OPERATION) FREE-AIR TEMPERATURE 
100 rs A = Oo 
go-Lle nN 
It 
80 = 
EY 70 & 
~ = 
S 60 S 
3 50 z 
as eal 
g 7 a: enn s 
3 c 
Oo 30 i= 
b 2 
= 20 a 
10. 5 
oO 
Oo 
0 re) 
OG -75 -50 -25 0 25 50 75 100 125 
Vcp—Collector-Base Voltage—V TA—Free-Air Temperature—C 
FIGURE 9 FIGURE 10 


NOTE 6: This parameter was measured using pulse techniques. ty, = 100 us, duty cycle = 1%. 
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TYPES TILIO2, TILIO3 
OPTO-COUPLERS 


BULLETIN NO. DL-S 11388, SEPTEMBER 1970—REVISED NOVEMBER 1974 





GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 


TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 


e Photon Coupling for Isolator Applications 

e Base Lead Provided for Conventional Transistor Biasing 

e High Overall Current Gain... 1.5 Typ (TIL 103) 

e High-Gain, High-Voltage Transistor . .. hEE = 500 Typ (TIL103), 
V(BR)CEO = 35 V Min 

e High-Voltage Electrical Isolation... 1-kV Rating 


Stable over Wide Temperature Range 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


see 6 LEADS 
ial 0,483 (0.019) 5), 
1,02 (0.040) | 9,406 (0.076) 
[= MAX 
eet, f 


8,61 (0,335) 9,40 (0.370) pi, 


7,74 (0.305) > 851 0.335) 1,140,045) 


L/ © v7 0.88) 


0,864 (0.034) 
0,711 (0.028) 


NOTES: a. All linear dimensions are in millimeters and parenthetically in inches. 

b, Leads having maximum diameter shall be within 0,18 mm (0.007 inches) of true 
position relative to a maximum-width tab when measured in the gaging plane 
between 1,371 mm (0.054 inches) and 1,397 mm (0.055 inches) below the seating 
plane, 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output Voltage 

- Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Input Diode Reverse Voltage 


Input Diode Continuous Forward Suivant. at ” Setow! 65° c Erie: Air emipernture (See Note 1) . 


Continuous Collector Current ; 

Continuous Transistor Power Disiipation a at tor below) 25° c Free: Air Terperstire (See Note 2) 
Storage Temperature Range 

Lead Temperature 1,6 mm (1/16 inch) font Case fOr 10 Seconds: 


NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C. 
2. Derate linearly to 125°C free-air temperature at the rate of 3 mW/°C. 


TEXAS INSTRUMENTS 
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+1kV 

35V 

35V 

4V 

2V 

40 mA 

50 mA 

“ 300 mW 
—55°C to 125°C 
240°C 
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TYPES TIL102, TIL103 
OPTO-COUPLERS 





electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TIL102 TIL103 
PARAMETER TEST CONDITIONS 
MIN TYP MAX|MIN TYP MAX 


VipR)CBO Collector-Base Breakdown Voltage Ic = 100 BA, le =0 Ip =0 | 35 (iT SY 
Vi(BR)CEO Collector-Emitter Breakdown Voltage | I¢ = 1mA Ig =0 lp =0 aes eee 
V(BRJEBO Emitter-Base Breakdown Voltage \e = 100 2A, Ic = 0, Ip =0 P44] 4A 

















IR Input Diode Static Reverse Current 


Phototransistor v 5V Ip =0 Ic =10mA 
Operation aa e ; 7 
Ie =0, IF 







On-State 


t 
Clon) Collector Current 


Photodiode 

phototransistor LYCET20V. '8=% Ir=0 | 6 100| 6100 
Ta=100C 

Photodiode 

Pesce [veszaive Mere eee [et [ar) 


m. 
u 











Off-State 
Collector Current 


Cc 
4 


A 
A 
LA 
'Cloff) 
nA 










= Ie = 
Transistor Static Forward 
h VceE =5V, Ic =10mA,\F =0 300 
in Current Transfer Ratio = ef r | 300 
Ve Input Diode Static Forward Voltage Ip =10mA tt | 
| icn25mA,Ig=0, p= 20mA] oa] 
VCE (sat) Collector-Emitter Saturation Voltage * =10mA, - =o. i 30 mA ee PO 
no Input-to-Output Internal Resistance | Vin-out = +1 kV, See Note 3 1011 1012 1011 1012 
Cio Input-to-Output Capacitance Vin-out = 9 f= 1MHz, See Note 3 = ae 


NOTE 3: These parameters are measured between both input diode leads shorted together and all the phototransistor leads shorted together, 





switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Phototransistor | Vcc =20V, Ig=0, —Ic(on) = 5 MA, 
te Fall Time Operation 


Ri = 100 2, See Test Circuit A of Figure 1 
Photodiode | Vcg=20V, Ie=0,  IG(on) = 50HA, 
tt Fall Time Operation R_ = 100 2, See Test Circuit B of Figure 1 








TIL102 TIL103 


UNIT 

ee | 
a ee 
ae a a | 
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TYPES TIL102, TIL103 
OPTO-COUPLERS 





PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: 
IC(on) = 5 MA (Test Circuit A) or 


I1C(on) = 50 HA (Test Circuit B) 






INPUT : : 
200 82 
200 #2 0 
INPUT i ! : INPUT 
OUTPUT t ton Ff Store! 
(See Note b) Ie ol tr tf fe o! 






Ri = 100 82 OUTPUT 
(See Note b) 
TEST CIRCUITA TEST CIRCUIT B 


PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zoyz = 50 2, tp < 15 ns, duty cycle ~ 1%, For 
Test Circuit A, ty, = 100 us. For Test Circuit B, ty = 1 Us. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rijn = 1M, Cin < 20 PF. 


FIGURE 1—SWITCHING TIMES 


TYPICAL CHARACTERISTICS 





TIL102 TIL103 
COLLECTOR CURRENT . COLLECTOR CURRENT 
vs : vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


Ip=O 
Ta = 25°C 
See Note 4 


Ig =O 
Ta = 25°C 
See Note 4 


I¢@—Collector Current—mA 
Ic—Collector Current—mA 





0 5 10° 15 20 25 
VceE—Collector-Emitter Voltage—V VceE—Collector-Emitter Voltage—V 
FIGURE 2 ; FIGURE 3 


NOTE 4: This parameter was measured using pulse techniques. ty, = 100 us, duty cycle = 1%. 
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ee 


TYPES TIL102, TIL103 
OPTO-COUPLERS 





TYPICAL CHARACTERISTICS 


NORMALIZED ON-STATE COLLECTOR CURRENTt 
vs 


FREE-AIR TEMPERATURE 


INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS 


=. 
co) 


1.4 


tp—Forward Current—mA 
Normalized On-State Collector Current—I¢(on)' 








0 02 04 06 08 1.0 1.2 14 16 1.8 20 cee: Len CUAL GF ae ot aR, SOUS ae 
Ve—Forward Voltage—V Ta--Free-Air Temperature—°C 
tNormalized to value at Ta = 26°C 
FIGURE 4 PHOTOTRANSISTOR COLLECTOR CURRENT FIGURE 5 


vs 
INPUT-DIODE FORWARD CURRENT 





{¢—Phototransistor Collector Current—mA 





= Ht 
men aint 
‘oi es tii 
0.1 04 1 10 100 
Ip—Input-Diode Forward Current—mA TIL102 
OFF-STATE COLLECTOR CURRENT FIGURE 6 AVERAGE SWITCHING TIME 


vs 


LOAD RESISTANCE 


FREE-AIR TEMPERATURE 

















¢ £ 
u 4 
; ; hi zai 
> : i 
> a 
(3) € ——a snes ——=—s2s 
2 = ae 
3 FH CJ 
Fs @ Yt 
5 3 
5 e {LI 
5 : == 
oO ed noes one ol 
= +IN aes ee 
= A om ae ie ee re 
8 : HH rear 
; 10 100 1000 40 000 
R_—Load Resistance—2 
Ta—Free-Air Temperature—"C 
FIGURE 7 FIGURE 8 


NOTE 5: These parameters were measured in Test Circuits A and B of Figure 1 with R,_ varied between 40 2 and 10 k&2. 
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TYPES TIL107, TIL108 
OPTO-COUPLERS 


BULLETIN NO, DL-S 11316, MARCH 1970 


NOT RECOMMENDED FOR NEW DESIGN 


FOR NEW DESIGN, USE 4N22, 4N23, or 4N24 


5 | mechanical data 


Welded case with glass-to-metal hermetic seal between case and leads. Unit weight is approximately 4.5 grams. 


110 


NOTES: 1, 


ALL LEADS ELECTRICALLY INSULATED FROM CASE 


STRIPE INDICATES 
INPUT DIODE 


25,4 (1.0) Min->| 


ANODE (——? 
CATHODE (2 


0,330 (0.013) 


al 


INPUT DIODE 
6,23 (0.208) 
4,93 (0.194) 


0,483 (0.019) 
4,35 (0.171) 
4,09 (0.161) 


[ez (1.0) sis | 


CI EMITTER 


C———COLLector 
LIGHT SENSOR 
0,483 (0.019) 


——————— DIA 
Ss READE 0,406 (0.016) A 


MILLIMETERS AND PARENTHETICALLY IN INCHES 


Input-to-Output Voltage 
Collector-Emitter Voltage 
Emitter-Collector Voltage 
Input-Diode Reverse Voltage 


Input-Diode Continuous Forward Current 


Storage Temperature Range 


. 


Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds 


5,59 (0.220) 
4,75 (0.187) 


END VIEW TYPICAL 
OF BOTH ENDS 


at (or below) 25°C Free-Air Temperature (See Note 1) . 
Continuous Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 


Derate linearly to 125°C free-air temperature at the rate of 0.5 mA/*C. 


1,40 (0.055) 
1,14 (0.045) 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


+1kV 
35V 

7V 

. 2V 

50 mA 

150 mw 

—55°C to 150°C 
240°C 


2. Derate linearly to 125°C free-air temperature at the rate of 1.5 mW/°C. In these devices, a significant portion of the total 
dissipation is in the input diode. Pt = Vce Io + Ve Ip. 


TEXAS INSTRUM ENTS 
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TYPES TIL107, TIL108 
OPTO-COUPLERS 





electrical characteristics at 25°C free-air temperature 


TEST TIL107 TIL108 
PARAMETER TEST CONDITIONS UNIT 
FIGURE MIN TYP MAX | MIN TYP MAX 


Vee=SV, ips 35mA [164 «dt : 
Voe=80V,_p=0 


Vv Cc Ip = 15mA, lc = 125 pA 0.3 0.3 Vv 
ee Saturation Voltage paar . . : a ee 
Vv Input-Diode Static Vv 

F Forward Voltage 





















!C(on) _On-State Collector Current 


Ic(off) Off-State Collector Current 


Collector-E mitter 


Internal Resistance 


Input-to-Output 
e ne Vin-out= £1 kV >1013 >1013 
vinous rat he Pere | oe 


switching characteristics at 25°C free-air temperature 


C 
TEST 
PARAMETER TEST CONDITIONS MIN TYP MAX J UNIT 
FIGURE 
3.0 bus 


50s 


Input-to-Output 
Internal Capacitance 











Vcc = 35 V, IC(on) = 500 nA, RL =1k2 





ts Storage Time 


tf Fall Time 





TYPICAL CHARACTERISTICS 


TIL 107 TIL108 
ON-STATE COLLECTOR CURRENT ON-STATE COLLECTOR CURRENT 
VS VS 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 





ley on) Collector Current—mA 
Voy on) Collector Current—mA 





See Note 3 
i?) 4 8 12 16 20 24 0 4 8 12 16 20 24 
Vog_—Collector-Emitter Voltage—V Vep—Collector-Emitter Voltage—V 
FIGURE 1 . FIGURE 2 


NOTE 3: This parameter must be measured using pulse techniques. tp = 300 ps, duty cycle < 2%. 
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TYPES TIL107, TIL108 
OPTO-COUPLERS 


TYPICAL CHARACTERISTICS 


OFF-STATE COLLECTOR CURRENT 
vs 


FREE-AIR TEMPERATURE 


PHOTOTRANSISTOR COLLECTOR CURRENT 
vs 


INPUT-DIODE FORWARD CURRENT 


A 
aH 


hototransistor Collector Current—mA 


ley off) Off State Collector Current—nA 





-50 —25 0 25 50 75 100 125 


1-—!Input-Diode Forward Current—mA 
FIGURE 3. 


RELATIVE OUTPUT 
vs 


MODULATION FREQUENCY 








Ty—Free-Air Temperature—°C 
FIGURE 4 


RELATIVE OUTPUT 
vs 


FREE-AIR TEMPERATURE 





10 
7 
4 
te 
2} 1 
< 
1 sae > 
3 07 ES % 
s 8 
6 0.4 S 
pas > 
2 2 
& 0.2 © 
é : 
0. 07 c 
a 
camel HCH é 
i Connie uh ‘i 
0.01 
10 20 40 #100 1000 
ae ee T,—Free-Air Temperature—°C 
FIGURE 5 FIGURE 6 


NOTE 3: This parameter must be measured using pulse techniques. tp = 300 us, duty cycle < 2%. 
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TYPES TIL107, TIL108 
OPTO-COUPLERS 


SS aR NS I I EI ET aE I I I IT TSS IT I NII EID CE ETL N. ISITE TE TE EE TIE ITC IE A TE 
PARAMETER MEASUREMENT INFORMATION 


OPEN 





‘Ctond ‘Ctort) 


FIGURE A-Iq(9n) FIGURE B-lo(oFf) 





FIGURE C—Voe (sat) FIGURE D-V_ 





Adjust amplitude 
of input pulse 
for le(on) = 500 nA 
INPUT 


OUTPUT 


INPUT R, = 1k 


OUTPUT 





TEST CIRCUIT 





VOLTAGE WAVEFORMS 
FIGURE E—SWITCHING TIMES 
NOTES: a. The input waveform is supplied by a generator with the following characteristics: Z5y, = 50 ©, ty < 100 ns, ty = 50 ps, duty 
cycle = 50%, 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rin 2 1 MQ, Cin < 20 pF. 
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TYPES TILT, TIL114, TILII6, TILIT7 
OPTO-COUPLERS 


BULLETIN NO. DL-S 12030, NOVEMBER 1973—REVISED NOVEMBER 1978 





COMPATIBLE WITH STANDARD DTL AND TTL INTEGRATED CIRCUITS. 


e Gallium Arsenide Diode Infrared Source Optically Coupled 
to a Silicon N-P-N Phototransistor 


e High Direct-Current Transfer Ratio 
e High-Voltage Electrical Isolation ... 1.5-kV or 2.5-kV Rating 
e Plastic Dual-In-Line Package 


@ High-Speed Switching: t, = 5 us, te = 5 us Typical 


mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 


temperature with no deformation and device performance characteristics remain stable when operated in high-humidity 
Za conditions. Unit weight is approximately 0.52 grams. 


8,89 (0.350) 
8,13 (0.320) 


©OO® NOTES: 


a. All linear dimensions are in millimeters and 
: parenthetically in inches. 
q INDEX DOT its ; . 
7,62 (0.300) T.p, b. Leads are within 0,13 mm (0.005 inch) radius of 
eae true position (T.P.) with maximum material 
6,09 (0.240) condition and unit installed, 


5,46 (0.215) Pin 1 identified by index dot. 
2,92 (0.175) 1,78 (0.070) MAX 


@PLACES d. Terminal connections: 
» Anode Infrared-emitting 
Cathode diode 


— SEATING PLANE , . 
0,306 (0.012) 1,78 (0.070) ,01 (0. « No internal connection 


0,203 (0,008) 0,61 (0.020) Emitter 
i 2,03 (0.080 ; 
* 3,81 (0.150) Hoceal - Collector Phototransistor 
3.17 (0.125) 4 PLACES 0,534 (0.021) Base 
0,381 (0.016) : 

2,54 (0.100) T.P. 


6 PLACES 
{See Note b) 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output Voltage: TIL111 . .. . wpe tnens a ee ee te Gee, tal a dal ae ee a ne oe te ETO KV: 
TIL114, TIL116, TIL117 oak ee al AS be a we we GO ae a ee Ge SEZIOKV 
Collector-Base Voltage .. . AB. feet davies Geico alot Gh Gok ae mw Sy is Seek asa eon ie) TOV 
Collector-Emitter Voltage (See Note 1) Se ape a die Yan tee fe decal tat ous tao WO Re, GS Se A Be ae et as ed poe oe SONY. 
Emitter-Collector Voltage 2 2. 1 1 1 ew ee eee eee UT 
Emitter-Base Voltage 2. 2. 1 1 ww ee ee ee ee ee) UU 
Input-Diode Reverse Voltage .... oe a ee 8. UM 
Input-Diode Continuous Forward Current at (ot baldue) 25° C FreeAir Tetiporature (See Note 2) . . + . 100MA 
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature: 
Infrared-Emitting Diode (See Note3). . . 2. . - 1 ee ee ee ee ee ee eee ee 6180 mW 
Phototransistor (See Note4) .... . be Be ae ae a ke Ge) ae fac te  FSOMW 
Total, Infrared-Emitting Diode plus Phototdiststar (See Note 5) He me eS a we ee ee a we  2OOmW 
Storage Temperature Range .. . tee ew ee ee ee e)~=6= 85°C to 150°C 
Lead Temperature 1,6 mm (1/16 Inch) tron Cees tor AO Seconds va eso ee wale ak lw ie 260°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/C. 
. Derate linearly to 100°C free-air temperature at the rate of 2 mw/’c. 
Derate tinearly to 100°C free-air temperature at the rate of 2 mw/c. 
Derate linearly to 100°C free-air temperature at the rate of 3.33 mw/°c. 


a aw 
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TYPES TIL111, TIL114, TIL116, TIL117 
OPTO-COUPLERS 





electrical characteristics at 25°C free-air temperature 


TIL111 
TIL116 TIL117 
PARAMETER TEST CONDITIONS TIL114 UNIT 


MIN TYP MAX|MIN TYP MAX/]MIN TYP MAX 


Collector-Base lo = 10 nA, 


Vv 
(BRICBO Breakdown Voltage Ip =0 


Collector-Emitter Ic =1mA, 

Breakdown Voltage lp =0 

Vispiene Emitter-Base te = 10nA, Ic = 0, 
Breakdown Voltage Ip =0 


Input Diode Static 
VR=3V 
Reverse Current 
Photot ist Ip =0 
ORS iG eee 3 is=0 10V,  Ip=10mA, 
i = , =10m 
Clon) Current - B 
Photodiode Vcp=04V, Ip =16mA, 
Operation le =0 
ration = 
ICloff) Collector = ie B nA 
Photodiode Vcp=10V, Ip =0, 
Current 
Operation le =0 
Vce=5V, lc =10mA, 
Transistor Static ce : ec 100 300 sn 200 550 
‘ r= 


Forward Current 


ViBRICEO 


Transfer Ratio 


Input Diode Static 
Forward Voltage 


Ic =2mA, IF = 16 mA, 
Ip =0 
Collector-Emitter lc = 2.2 mA, te = 15mA, 
VCE (sat) : © 5 0.25 04 
Saturation Voltage Ip =0 
Ic=0.5mA, Ip =10mA, 
Ig =0 
Vi = +1.5 kV for TIL111 
Input-to-Output HOU : 
pe i £2.5 kV for all others, (1032 1011 1011 Q 
Internal Resistance 
See Note 6 
| t-to-O t Vin. =0Q, f= 1 MHz, 
npu ae utpu in-out 7 9 z 7 Ea oF 
Capacitance See Note 6 


NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 





switching characteristics at 25°C free-air temperature 






PARAMETER 


Fall Time |Operation 
tf Fall Time |Operation 


TEST CONDITIONS 


TIL111 
TIL116 TIL117 
TIL114 


UNIT 
MIN TYP MAX |MIN TYP MAX |MIN TYP " 


Peel sols ol, 


















Vcc = 10V, 
Ri = 1002, 

See Test Circuit A of Figure 1 
Vec=10V, ICion) = 20 uA, 
RL=1kQ, 

See Test Circuit B of Figure 1 


'Clon) = 2mA, 
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TYPES TIL111, TIL114, TIL116, TIL117 
OPTO-COUPLERS 
| PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: 
IC(on) = 2 mA (Test Circuit A} or 
“IC(on) = 20 uA (Test Circuit B) 





INPUT 
472 oN 
INPUT 8 ae INPUT 
OUTPUT 
(See Note b) 
R_ = 100 2 OUTPUT 
(See Note b) 
TEST CIRCUIT A TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 
8) NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zou, =50 2, t; < 15 ns, duty cycle ~ 1%, 


tw = 100 us. 
b. The output waveform is monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rip 2 1 MQ, Ci, < 20 pF. 


FIGURE 1—SWITCHING TIMES 





TYPICAL CHARACTERISTICS 










TIL111, TIL114 TIL116, TIL117 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs vs 
INPUT-DIODE FORWARD CURRENT INPUT-DIODE FORWARD CURRENT 
100 Ss eS ee 
“0 =e 
Y | 
< toh er q 
£ Rt ee £ 
ab st 
5 8 
8 | EET 8 
rs) 2S Gad OO Ol SO 6 GAM Sn Soap GOD Od as Os SS S 
fi 2 
: : 
b al b 
te 
ar SS BP I ott Smee a zl 
PT VE at 
Per aoe A eisai 
0.1 04 1 10 40 100 
{p—Forward Current—mA lp—Forward Current—mA 
FIGURE 2 , _ FIGURE 3 
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TYPES TIL111, TIL114, TIL16, TIL117 
OPTO-COUPLERS 





TYPICAL CHARACTERISTICS 


TIL111, TIL114 : TIL116 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


Ic—Collector Current—-mA 
ic—Collector Current—mA 





0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 
VcE—Collector-Emitter Voltage—V VceE—Collector-Emitter Voltage—V 
FIGURE 4 FIGURE 5 
TIL117 
COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT 
VS vs 
COLLECTOR-EMITTER VOLTAGE FREE-AIR TEMPERATURE 


= 25°C 


Ic—Collector Current—mA 


.. 
ame 


0 2 4 6 8 10 12 14 16 17 20 —75 -50-25 0 25 50 75 100 125 
VcE—Collector-Emitter Voltage—V: Ta—Free-Air Temperature—C 
FIGURE 6 : FIGURE 7 





Ree eae 





Collector Current Relative to Value at Ta 


NOTES: 7. Pulse operation of input diode is required for operation beyond limits shown by dotted lines. 
8. These parameters were measured using pulse techniques. ty = 1 ms, duty cycle < 2%. 
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TYPES TiLtt1, TIL114, TIL116, TIL117 
OPTO-COUPLERS 





TYPICAL CHARACTERISTICS 


OFF-STATE COLLECTOR CURRENT NORMALIZED TRANSISTOR STATIC FORWARD 
vs CURRENT TRANSFER RATIO 
FREE-AIR TEMPERATURE vs 


ON-STATE COLLECTOR CURRENT 


Normalized to 1.0 
atlc =1mA 


IC(off)—Off-State Collector Current—nA 





Normalized Static Forward Current Transfer Ratio—hFEe 


0.1 
0 10 20 30 40 50 60 70 80 90 100 


0.1 0.2 0.4 1 2 4 10 20 40 100 
Ta—Free-Air Temperature—C 


IC(on)—On-State Collector Current—mA 
FIGURE 8 FIGURE 9 


COLLECTOR CURRENT 
vs 


MODULATION FREQUENCY 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 






t 
< i 
é ¢ 
” s 
io he 
3 
. oO = H+ AHH 
2 Bet Sti sees 
: ee i 
: 8 oy LUI | Dil 
EI cS) 
A 0.04 
“ cet 
0.01 
O 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 1 10 40 100 400 1000 
VF—Forward Voltage—V ae see Frequency—kHz 
FIGURE 10 FIGURE 11 


NOTE 7: These parameters were measured using pulse techniques, tw = 1 ms, duty cycle < 2% 
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TYPES TIL112, TIL115, TIL118 
OPTO-COUPLERS 


BULLETIN NO, DL-S 12031, NOVEMBER 1973 





e@ Gallium Arsenide Diode Infrared Source Optically Coupled 
to a Silicon N-P-N Phototransistor 


e High Direct-Current Transfer Ratio 


eo Base Lead Provided for Conventional Transistor Biasing 
(T1L112, T1L115) 


e High-Voltage Electrical Isolation... 1.5-kV or 2.5-kV Rating 
e Plastic Dual-In-Line Package 


e High-Speed Switching: ty = 2 us, tf = 2 us Typical 
mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity 
conditions. Unit weight is approximately 0.52 grams. 


8,89 (0.350) 
8,13 (0.320) 
NOTES: 
a. All linear dimensions are in millimeters and 
Parenthetically in inches. 
q INDEX DOT eee A : 
7,62 (0.300) T.p, b, Leads are within 0,13 mm (0,005 inch) radius of 
{See Nom Bl true position (T.P.) with maximum material 


6,61 (0.260) 
6,09 (0.240) ® @® ® condition and unit installed, 
5,46 (0.215) 


ez OTT} c. Pin 71 identified by index dot. 


d. Terminal connections: 
1. Anode Infrared-emitting 
Cathode diode 
— SEATING PLANE . ; 
0,306 (0.012) .78 (0. 1,01 (0.040) . No internal connection 


bats fonee . Emitter 
.08 . 
=| 3,81 (0.150) eS . Collector Phototransistor 


3,17 (0.125) 4@ PLACES 0,534 (0.021) 


1,78 (0.070} MAX 


Base 
0,381 (0.015) 


2,54 (0.100) T.P. 6 PLACES 
(See Note b) 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
TIL112 TIL115 TIL118 


Input-to-Output Voltage . 2... we ee ee eee eee we ETE KV £2.55 kV £1.5kV 
Collector-Base Voltage .. . he Se Re abe ME St Oe os ie vd GO aednd ad 30V 30 V 
Collector-Emitter Voltage (See Note 1) ats Wales See Moth as chee A) es A ee OE 20V 20V 20 V 
Emitter-Collector Voltage . . 2. 2. 2... ee ee ee 4vV 4vV 4V 
Emitter-Base Voltage . 2... 2 1 ee ee ee 4V 4V 
Input-Diode Reverse Voltage . .. . bts Seo t ee Te ce a Deh 3V 3V 3V 
Input-Diode Continuous Forward Current at tor below! 

25°C Free-Air Temperature (See Note2) ..... woe ee SH 100 MA —_—_— 
Continuous Power Dissipation at (or below) 25°C Free-Air rreniperatice: 

Infrared-Emitting Diode (See Note3). . . 2 2 2 ee ee ee ee ee Se TBO MW —— 

Phototransistor (See Note 4) Bees en of woe ee ee ee SO 150 MW ———— 

Total (Infrared-Emitting Diode plus Photatraneister: See Note 5). coe ee ee OO 250 MW 
Storage Temperature Range .. . Coe ee ee ee) = =55°C to 150°C —e> 
Lead Temperature 1,6 mm (1/16 Inch) from Case ice 10 ‘Saecwids Co ee 260°C —_—_—> 

NOTES: . This value applies when the base-emitter diode is open-circuited. 


1 
2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA? C. 
3. Derate linearly to 100°C free-air temperature at the rate of 2 mw/°c. 
4. Derate tinearly to 100°C free-air temperature at the rate of 2 mw/*c. 
5. Derate linearly to 100°C free-air temperature at the rate of 3.33 mw/°c. 
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TYPES TIL112, TIL115, TILI8 
OPTO-COUPLERS 





electrical characteristics at 25°C free-air temperature 


pmieai2 | ais | Ts 
PARAMETER TEST CONDITIONSt aE es meENe UNIT 
MIN TYP MAX|MIN TYP MAX) MIN TYP MAX 


v Collector-Base Ic = 10nA, le =0, Vv 
(BRICBO Breakdown Voltage Ip =0 
Vv Collector-Emitter Ic =1mA, Ig = 0, 
(BRICEO Breakdown Voltage Ip =0 
Emitter-Base Ie = 10 BA, Ic = 0, 
Vv Vv 
(BRIEBO Breakdown Voltage lp =0 eee en ee 
0, 

















Vu Emitter-Collector ater ar 
(BRIECO Breakdown Voltage E ee F 


Phototransistor | Voge =5 V, le = 10 mA, 02 2 
Operation Ig =0 . 








On-State 
IC(on) Collector 
Current 


Photodiode Veg =5V, !- = 10 mA, 
Phototransistor | Vcge =5V, Ife 
Photodiode Vcp=5V, Ip =0, 
ao a ae 
Current Transfer Ratio lp =0 
Input Diode Static 
a ee ee ee 
oe Collector-Emitter Ic =2mA, ip = 50 mA, a a ek 
Saturation Voltage Ip =O 
See Note 6 
19 Capacitance See Note 6 


NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together, 
tReferences to the base are not applicable for the TIL118. 


Off-State 
ICloff) Collector 


o 
° 





Current 










m 
° 











Input-to-Output 
internal Resistance 








switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS ~~ Li a Ka 
MIN TYP_MAX|MIN TYP _MAX|MIN_ TYP MAX 
Vec=10V,  IC(on) = 2mA, 
: R_= 1002, 
(__ Fat Tine] Operation |seetestcicuraotrigves | 2 18 | 2 18? 18 | 


Vec=10V, IC(on) = 20 vA, 
RL=1kQ, 
See Test Circuit B of Figure 1 

























r Rise Time] Photodiode 
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TYPES TIL112, TIL115, TILT18 
OPTO-COUPLERS 





PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: 
IC(on) = 2 MA (Test Circuit A) or 
IC(on) = 20 nA (Test Circuit B) 






INPUT 
| 472 
472 
INPUT ° INPUT 
OUTPUT | 
(See Note b) t tf —fe—e 
7 er output l OUTPUT 
Ry = 100 2 | | 1 
| (See Note b) 
{ 
t 
= i] = 
1 
10% 10% 
TEST CIRCUITA TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 





NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zou, =50 2, ty < 15 ns, duty cycle + 1%, 


tw = 100 us. 
b, The output waveform is monitored on an oscilloscope with the following characteristics: te < 12 ns, Rin 2 1 MQ, Cj, < 20 pF. 


FIGURE 1—SWITCHING TIMES 





TYPICAL CHARACTERISTICS 


















































COLLECTOR CURRENT COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT 
vs vs vs 
COLLECTOR-EMITTER VOLTAGE INPUT-DIODE FORWARD CURRENT FREE-AIR TEMPERATURE 
100 2 
8 
40 W 
< 
< G 
‘ p10 eis : 
‘ a ao 3 
re ef g 
S 2 eS cs 
8 $ 04 -——4 3 
8 8 as 7a 
4 & o LIZ s 
= —=r= = 
0.04 FF rs 
—a! 2 
oor Z| iI 2 
1 2 4 10 20 40 100 8 
-75 -50-25 0 25 50 75 100 125 
VceE—Collector-Emitter Voltage—V (p—Forward Current—mA . 
Ta—Free-Air Temperature— C 
FIGURE 2 FIGURE 3 FIGURE 4 


NOTES: 7, Pulse operation of input diode is required for operation beyond limits shown by dotted lines. 
8. These parameters were measured using pulse techniques ty, = 1 ms, duty cycle < 2%. 
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TYPES TIL112, TILNS, TILT18 
OPTO-COUPLERS 





TYPICAL CHARACTERISTICS 


NORMALIZED TRANSISTOR STATIC FORWARD 


CURRENT TRANSFER RATIO 
vs 


ON-STATE COLLECTOR CURRENT 


OFF-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 





oo oS 
—— ee oo 
a ss aes Gs ES Oe 


SSS — EE SS SS eS EEE EEE OEE eS 
SSS eo O00 eee 
SS Oe EO 
SST SE EE SS EE ES CES AS Sa 


Normalized to 1.0 
atlc=1mA 


IC(off)—Off-State Collector Current—nA 





0.1 
0 10 20 30 40 50 60 70 80 90 100 


‘ 0.1 0.2 0.4 2 4 10 20 40 100 
Ta—Free-Air Temperature-- C 


IC(on)—On-State Collector Current-mA 
FIGURE 5 FIGURE 6 


_ 


Normalized Static Forward Current Transfer Ratio—hFe 


COLLECTOR CURRENT 
INPUT DIODE FORWARD " 


CONDUCTION CHARACTERISTICS MODULATION FREQUENCY 


RL =1kQ4tP SN 
IN P 


|p—Forward Current—mA 
Ic—Collector Current—mA 





0 O02 0.4 0.6 0.8 10 1.2 1.4 1.6 1.8 2.0 1 4 10 40 100 400 1000 
Ve—Forward Voltage—V fmod—Modulation Frequency—kHz 
FIGURE 7 FIGURE 8 


NOTE 8: These parameters were measured using pulse techniques. tw = 1 ms, duty cycle < 2%. 
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TYPES TILI13, TIL119 
OPTO-COUPLERS 


BULLETIN NO. DOL-S 12032, NOVEMBER 1973—REVISED OCTOBER 1978 





e Gallium Arsenide Diode Infrared Source Optically Coupled 
to a Silicon N-P-N Dartington-Connected Phototransistor 


e High Direct-Current Transfer Ratio .. . 300% Minimum at 10 mA 
e High-Voltage Electrical Isolation ... 1500-Volt Rating 
e Plastic Dual-In-Line Package 


e Typical Applications Include Remote Terminal Isolation, 
SCR and Triac Triggers, Mechanical Relays, and 
Pulse Transformers 


mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no-deformation and device performance characteristics remain stable when operated in high-humidity 
conditions. Unit weight is approximately 0.52 grams. 





8,89 (0.350) 
8,13 (0.320) 
NOTES: 
a. All Jinear dimensions are in millimeters and 
q INDEX DOT parenthetically in inches. 
7,62 (0.300) Tp, Leads are within 0,13 mm (0.005 inch) radius of 
Lgatigsne iti P.) with maximum material 
6,61 (0.260) true position (T.P.) with maximum ma 
8,09 (0.240) condition and unit installed. 


56 (O21! c. Pin 1 identified by index dot. 
1,78 (0.070) MAX 


G PLACES d, Terminal connections: 
. Anode Infrared-emitting 
Cathode diode 


— SEATING PLANE 


0,308 (0,012) 1,78 (0.070) No internal connection 


1 
2 
061 (0.020) 3 
0,203 (0.008; , 
ee 4. Emitter 
2,03 (0.080) : 
>| 3,81(0.150) = .27'[0.060) 5. Collector Phototransistor 
6 


3,17 (0.125) 4 PLACES 534 (0.021) 
aa (0.015) 
2,54 (0.100) T.P. 6 PLACES 
{See Note b) 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 


Base 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output Voltage 2... 1 1 we ee ee ee ee ee FTE KV 
Collector-Base Voltage (TIL113) . 2 2 2 1 ww ee ee ee ee ee ee ee ee ee ee.) 680M 
Collector-Emitter Voltage (See Note 1) . 2... 2 1. ee ee ee ee ee ee ew. 680M 
Emitter-Collector Voltage 2. 1. 1 1 1 we ee ee 7V 
Emitter-Base Voltage (TIL113). 2. 2. 2 2. ee eee UT 
Input-Diode Reverse Voltage .... bee A ae : geNidide o e. “3M 
Input-Diode Continuous Forward Currant: at (or below) 25°C Free- Air Feninerdture (See Note 2) .. . » 100mA 
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature: 

infrared-Emitting Diode (See Note 3)... 2... 2. ee ee ee ee ee ee ee ee 1850 mW 

Phototransistor (See Note4) ...... ere woe ee ee we ee ee 610 mW 

Total (Infrared-Emitting Diode plus Phototranciétoe, See Note 5) woe ee ee ee ew ee 6250 MW 
Storage Temperature Range .. . wee ee ew we we ee )~=6 65°C to 150°C 
Lead Temperature 1,6 mm (1/16 Inch) fans Case or 10 Seconds. Baie ae! vay Mca See diet Cen ye Soh He nec wae ee PABOG 


NOTES: 1. This vatue applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/c, 
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 

4: Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 

5 


. Derate linearly to 100°C free-air temperature at the rate of 3.33 mw/°c. 
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TYPES TILM3, TIL119 
OPTO-COUPLERS 





‘electrical characteristics at 25°C free-air temperature 


TIL113 
PARAMETER TEST CONDITIONSt MIN TYP MAX 
. Collector-Base In =10uA Ic =0 Ir =0 
(BR)CBO Breakdown Voltage . ay : 
Collector-Emitter 
Vv Ir =1 mA, Ip = 0, Ic =O 30 
(BR)CEO Breakdown Voltage 
Emitter-Base 
v Ig = 10 nA, ic=0, ae : 
(BRIEBO pg eakdown Voltage 
- Emitter-Collector le =10uA Ic =0 
(BRIECO Breakdown Voltage fs Sar ‘i 


On-State VceE=1V, Ig =0, lp =10mA 











TIL119 
MIN TYP MAX 





Cc 
- 
4 


[4 
°o 







] A 
Clon) Collector Current VcE=2V, Ip =10mA 

Off-State 
ICloff) VcE = 10V, Ig =0, Ip =0 


Collector Current 






Transistor Static 





Forward Current VceE=1V, Ic =10mA, Ip =0 








Transfer Ratio : 


Input Diode Static 
Ve Ip =10 mA 
Forward Voltage : 
Collector-Emitter Ic = 125 mA, Ip =0, lp =50mA 


Vv 
CElsat) saturation Voltage Ic = 10mA, Ip = 10mA 


Input-to-Output 

r Vin-out =£1.5kV, See Note 6 1011 

ie Internal Resistance 
Input-to-Output 

orege ; i ve sie a i : 
Capacitance 


NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together, 







1011 


3 
nn 


T References to the base are not applicable to the TIL119. 


switching characteristics at 25°C free-air temperature 


: TIL113 TIL119 
PARAMETER TEST CONDITIONS 
MIN TYP MAX |MIN TYP MAX 


t eee 
Dea ed 



















_ PARAMETER MEASUREMENT INFORMATION 
[- | 472 , : Adjust amplitude of input pulse for: 





a 





Cc 
Eis | 2 
=| 











EE GARE A INPUT IC(on) = 125 mA (TIL113) 
t . IC(on) = 2.5 mA (TIL119). 
| INPUT | oe ee ee er 
| 
| 
L OUTPUT 
TESTCIRCUIT = VOLTAGE WAVEFORMS 


NOTES: a. The inbut waveform is supplied by a generator with the following characteristics: Zout = 50 Q, ty < 15 ns, duty cycle = 1%, 
tw = 500 us, 
b. The output waveform is monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rijn = 1 MQ, Cin < 20 pF. 


FIGURE 1—SWITCHING TIMES 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES TILN3, TILI9 
OPTO-COUPLERS 





‘TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 
vs 


COLLECTOR-EMITTER VOLTAGE 
120 


Ip=0 
Ta =25°C 
See Note 7 


100 


I¢—Collector Current—mA 





’ VcE—Collector-Emitter Voltage—V 


FIGURE 2 


COLLECTOR CURRENT 
vs 


INPUT-DIODE FORWARD CURRENT 


I¢—Collector Current—mA 





40 70100 


7 10 #8 20 


|-—Forward Current—mA 


1 2 4 


FIGURE 4 


IC (off) —Off-State Collector Current—pA 


i¢—Collector Current—-mA 


COLLECTOR CURRENT 
vs 


COLLECTOR-EMITTER VOLTAGE 





0 02040608 1 1214 1618 2 
Vce—Collector-Emitter Voltage—V 


FIGURE 3 


OFF-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 





0 25 50 75 


100 
Ta—Free-Air Temperature—°C 


FIGURE 5 


NOTE 7: Pulse operation of input diode is required for operation beyond limits shown by dotted line. 
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TYPES TIL13, TIL19 
OPTO-COUPLERS 





TYPICAL CHARACTERISTICS 


RELATIVE COLLECTOR-EMITTER 


SATURATION VOLTAGE 
Vs 


FREE-AIR TEMPERATURE 


=25°C 


VCE(sat)—Collector-Emitter Saturation Voltage 
Relative to Value at Ta 


-—75 -80 -25 0 25 50 75 100 125 


Ta—Free-Air Temperature—C 


FIGURE 6 





TiL113 
TRANSISTOR STATIC FORWARD 


CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 






mn A 
HH 
a a 
CLIN LAE LEHI LET 
UI AI ELIMI | UT 
EE 
LAINE ETE MIE EAT 
; LUI THIET 


01 O04 1 10 


!c—Collector Current—mA 


10, 000 


5,000 





heE—Static Forward Current Transfer Ratio 


FIGURE 7 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 


160 


140 








120 


100 


80 


60 


40 


|p—Forward Current—mA 


20 


0 


eer TTT 
Seeeoco ie 
CHP 
COP 
COCCI 
CO 
COT 
SSGeD cea 










0 0.2 04 06 08 1.0 1.2 14 1.6 1.8 2.0 


VF—Forward Voltage—V 


FIGURE 8 


NOTE 8: This parameter was measured using pulse techniques. ty =4 ms, duty cycle & 2%. 
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TYPES TIL120, TIL121 
OPTO-COUPLERS 


BULLETIN NO, DL-S 12216, NOVEMBER 1974 





GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 


e@ Photon Coupling for Isolator Applications 
1.0 Typ (TIL121) 


© High-Gain, High-Voltage Transistor ... V(BR)CEO = 35 V Min 
e High-Voltage Electrical Isolation ... 1-kV Rating 


e Stable Over Wide Temperature Range 


@ High Overall Current Gain... 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0,483 (0.019) 


4 LEADS —~—__—__— 
0,406 (0.016) 


DIA 2,54 (0.100) DIA 





5,34 (0.210) 
4,32 (0.170) 


3—-COLLECTOR 


4—ANODE 
4,96 (0.195) 


4,52 (0.178) 
DIA 


x ae 


1,22 (0.048) 
0,71 (0.028) 
1,17 (0,046) 


5,84 (0.230) 
4,31 (0.209) MAX 2-CATHODE 


DIA 1—EMITTER 
12,7 (0.500) , 
MIN 


4 0,91 (0.036), 
0,76 (030) | >> 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 
ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output Voltage 





+1kV 
Collector-Emitter Voltage 35 V 
Emitter-Collector Voltage 7V 
Input Diode Reverse Voltage 3V 
Input Diode Continuous Forward Giigsnt: at 6r sian 65° C Fie: Air sTeipperatiire (See Note 1) 40 mA 
Continuous Collector Current 50mA 
Continuous Transistor Power Biinationa at ice below! 25° C Free: Air Temperature (See Note 2) . . . 190 mW 
Operating Free-Air Temperature Range. 56° C to 125°C 
\Storage Temperature Range —55°C to 150°C 
Lead Temperature 1,6 mm (1/16 iach) {fart Gace tei 10 Sedonds 240°C 


NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/*C. 


2. Derate linearly to 125°C free-air temperature at the rate of 1.9 mw/°c. 
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TYPES TIL120, TIL121 
OPTO-COUPLERS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 






















oo 
PARAMETER TEST CONDITIONS UNIT 
[WipaiGES CollectorEminer Breakdown Varage | TG=tmA, ipso | 5ST os SCs 
Mig Input Diode Static Revers Current | Va'= SV | 100 |____ 100 [pa] 
Ficion) OnStee Collector Curent | Veg=SV,tp=toma a5 6 [58 0 | ma 
Vee=20v, te=o | 6 00 | 100 nA | 
Icloff) Off-State Collector Current Voce = 20V, tp =0, a 
Ta = 100°C e 
[ve “Tapa Blows State Forward Volum [tp~t0ma [| 7373] v 
VcE(sat} Collector-Emitter Saturation Voltage Hon 25 ote re ___t8 | | 
ig=10mA, 1p =20ma | YT 
lio Input-to-Output Internal Resistance Vin-out = +1 kV, See Note 3 }10717 4012, [40717 1072 
a 


NOTE 3: These parameters are measured between both input diode leads shorted together and both phototransistor leads shorted together, 
switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS pete bt UNIT 
MIN TYP MAX | MIN TYP MAX 


Veo=20V, lclon) =BmA 





er mel 
PL= 1000, See Figet [3 20 
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TYPES TIL120, TIL121 
OPTO-COUPLERS 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for 






IC(on) =5mA 
INPUT 
ve) zs = 
200 2 1 H 
INPUT 1 ton OF hee tote oy 
! 
OUTPUT —y—* tf + 
(See Note b) I i : OUTPUT \ | 
= Ry = 1002 
| 
t 
— ' 
ie 10% 10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Rote 50 ©, tp <15 ns, duty cycle ~ 1%, 
tw = 100 us. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rijn 2 1 MQ, Cin < 20 pF. 





FIGURE 1—SWITCHING TIMES 





TYPICAL CHARACTERISTICS 


TIL120 . TIL121 
COLLECTOR CURRENT COLLECTOR CURRENT 
VS vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


Ta = 25°C 
Ta = 25°C See Note 4 


See Note 4 


Ic—Collector Current—mA 
!c—Collector Current—mA 





0 5 10 15 20 25 


VceE-—Collector-Emitter Voltage—V VceE—Collector-Emitter Voltage—V 
FIGURE 2 FIGURE 3 


NOTE 4: This parameter was measured using pulse techniques. ty, = 100 us, duty cycle = 1%. 
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TYPES TIL120, TIL121 
OPTO-COUPLERS 





TYPICAL CHARACTERISTICS 


‘ NORMALIZED ON-STATE COLLECTOR CURRENT 
vs 











INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS FREE-AIR TEMPERATURE 
’ 
a 
< 
- 
3 
é S 
z $ 
& 2 
3 3 
2 3 
: é 
“ & 
=: 5 
= (5) 
5 
5 
2 
3 
oO 
0 02 04 06 08 10 1,2 1.4 1.6 18 20 
Ve—Forward Voltage—V Ta--Free-Air Temperature—"C 
FIGURE 4 PHOTOTRANSISTOR COLLECTOR CURRENT FIGURE 5 
vs 
INPUT-DIODE FORWARD CURRENT 
ie 
¢ it 4 
i WA 
: 
3 
F 
g 
i 
1 
o™” (az 
‘ Ct 
0.1 o4 1 4 10 40 100 
ig~Input-Diode Forward Current—mA TIL120 
OFF.STATE COLLECTOR CURRENT FIGURE 6 AVERAGE aa TIME 
vs 3 
FREE-AIR TEMPERATURE LOAD RESISTANCE 
10.000 
% 1.000 = 
: g 
= F 
so" z 
: 
& 10 = 
r. ” 
8 3 
2 3 
5 , g 
AG t 
9 0.1 = 
5 . w 0414 
2 0.01 3 
0.001 
-50 -25 0 2 80 7% 100 128 
Ta—Free-Air Temperature—"C Ry_—Load Resistance—S> 
FIGURE 7 FIGURE 8 


NOTE 5: These parameters were measured in the test circuit of Figure 1 with Ry; varied between 40 2 and 10 kQ. 
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TYPES TIL124, TIL125, TILI26 
OPTO-COUPLERS 


BULLETIN NO. DL-S 12509, MAY 1977 





‘COMPATIBLE WITH STANDARD DTL AND TTL INTEGRATED CIRCUITS 


e Gallium Arsenide Diode Infrared Source Optically Coupled | 
to a Silicon N-P-N Phototransistor 


High Direct-Current Transfer Ratio 

High-Voltage Electrical Isolation . . . 5000-V Rating 
Plastic Dual-In-Line Package 

High-Speed Switching: t, = 2 us, tp = 2 us Typical 


Typical Applications Include Remote Terminal Isolation, 
SCR and Triac Triggers, Mechanical Relays, and Pulse Transformers 


mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity 
conditions. Unit weight is approximately 0.52 grams. 





8,89 (0.350) 
8,13 (0.320) 


OO® NOTES: 
a. All linear dimensions are in millimeters and 
* parenthetically in inches, 
visusmey INDEX COT b, Leads are within 0,13 mm (0.005 inch) radius of 
(See Note b) true position (T.P.) with maximum material 
8.51 (0.280) condition and unit installed, 


6,00 (0.240) 
5,46 (0.218) c. Pin 1 identified by index dot. 
252 (0.176) 


1,78 (0.070) MAX gq. Terminal connections: . 
. Anode Infrared-emitting 
. Cathode : diode 


— SEATING PLANE 
* 0,308 (0.012) 


0,203 (0.008) . Emitter 
\ all 2,03 (0.080) F 
>| Seiten a . Collector Phototransistor 


3,17 (0.128) 4 PLACES 0,534 (0.021) . Base 


No internal connection 


0,381 (0.015) 
2,54 (0.100) T.P. @ PLACES 
(See Note b) 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output Voltage we ak Gay BE OR a Kelota® rel oe re 8 a ae Oh She eB a a at Sew ds Bee, EDR. 
Collector-Base Voltage ae la eis eh i, Na OE Ge es es ee SE a eae St @ ace “FOV 
Collector-Emitter Voltage (See Note 1) thet os ge a ea Me ee tote. Be ae em Weal ae cane Se 280/V 
Emitter-Collector Voltage. 1 1 ww we ee ee ee ee ee ee tl TN 
Emitter-Base Voltage 2. 2 1 1 1 kw ee ee ee ee DL TN 
Input-Diode Reverse Voltage .. . Rin o> ley Hi chars Me Nhe ee RS eas a ay eat ee Sie, Sy ye Ae See 
Input-Diode Continuous Forward Currant: ae ae Wwe ce a ee at aoe ak -100:mA 
Continuous Power Dissipation at (or below) 25°C ‘Eine: ‘Air Tein peratura: 

Infrared-Emitting Diode (See Note 2). 2 ww 1 we ee ee ee ee ee ww ee we ee 6 150 mW 

Phototransistor (See Note3) .... . Bo aw bw! oa a ee es BO mW 

Total, Infrared-Emitting Diode plus Photottanisistor: (See Note 4) ete Midna Bes 2 "anh he cs de 250 mW 
Storage Temperature Range .. Pe ee ee ee a | —BB° C to 150°C 
Lead Temperature 1,6 mm (1/16 Inch) tow Case 0% 10 Seconds. LS uh Se me: Bod, Ravn’, a ate eeO-C 

NOTES: + This value-applies when the base-emitter diode is open-circuited. 


1 

2. Derate tinearly to 100°C free-air temperature at the rate of 2 mW/°C. 

3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 

4. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C. 
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TYPES TIL124, TIL125, TILI26 
OPTO-COUPLERS 





electrical characteristics at 25°C free-air temperature 


TIL124 
PARAMETER TEST CONDITIONS MIN TYP MAX 
Collector-Base Ic =10uA, Ie=0, 
Vv : 70 
GRD Breakdown Voltage 


Vv Collector-Emitter Ic=1mA, Igp=0, 
(BRICEO Breakdown Voltage le =0 


v Emitter-Base le=10nA, Ic=0, J 
(BRIEBO Breakdown Voltage Ip=O0 | 
fn = 


TIL125 
MIN TYP MAX 






TIL126 
MIN TYP MAX 















70 0 


Reverse Current 
Phototransistor| Vcg = 10 V =10mA, 
Photodiode Vcop=10V, Ip =10mA, 
Phototransistor| Vcfp=10V, If =0 
Photodiode Vcp=10V, If =0, 
Transistor Static VcE=5V, Ic=10mA, 
Ip =0 


On-State 
IC(on) Collector 
Current 


s 
~ 


UNIT 


. Off-State 
Icloff) Collector 
Current 


Forward Current 100 200 


Transfer Ratio 















Forward Voltage 
Vertis Collector-Emitter Ic=1mA, — Ip =10mA, | 02s oa] 028 oa 
Saturation Voltage Ip =0 
Input-to-Output Vin-out = 500 V, 
Tio Internal Resistance See Note 5 hoe ae pe 
c: Input-to-Output Vin-out =9, f= 1 MHz, 


NOTE 5: These parameters sre measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT 
Phototransistor. | Vcc=10V, Iclon)=2mA,Ry = 1002, 
Operation 









t 
t See Test Circuit A of Figure 1 


; ise Ti | 2 

7 Fall Time jae | 
Photodiode Veo=10V, Iofon) = 20uARL= tka, | 4 _— 

tf Fall Time Operation See Test Circuit B of Figure 1 aoe ee a 
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TYPES THL124, TILI25, TIL126 
OPTO-COUPLERS 





PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: 
Clon) = 2 MA (Test Circuit A) or 
IClon) = 20 HA (Test Circuit B) 


INPUT 


f | 472 
472. 0 INPUT 


INPUT 






OUTPUT 


(See Note b) 
OUTPUT 






= RL = 1002 

= Veo = 10V L (See Note b) 
TEST CIRCUIT A TEST CIRCUIT B 

PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 





NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zo y, = 50 2, t- < 15 ns, duty cycle ~ 1%, 


tw = 100 us. 
b. The output waveform is monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rin 2 1 MQ, Cin © 20 pF. 


FIGURE 1—SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 
vs 
eel: DIODE FORWARD CURRENT 


1¢—Collector Current—mA 





By 
—_ 
o 
> 
Oo 
= 
oO 
oO 


cee Current—mA 


FIGURE 2 
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TYPES TIL124, TIL125, TIL126 





OPTO-COUPLERS 
TYPICAL CHARACTERISTICS 
TIL124 TIL125 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs us 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


!c—Collector Current—mA 
Ic—Collector Current—mA 








0 
0 2 4 6 8 10 12 14 16,18 20 0 2 4 6 8 10 12 14 16 18 20 
VcE—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V 
FIGURE 3 FIGURE 4 
TIL126 
COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE FREE-AIR TEMPERATURE 
2 16 
34 VceE = 0.4 V to 10 V 
" 1.4 + Ip=90 
= Ip =10mA 
< % 1.2 |}-See Note 7 
E o 
1 2 
5 > 1.0 
c ° 
=) - 
c 2 os 
8 8 
8 = 06 
° rw 
; : 
cS 5 0.4 
oO 
& 0.2 
3 
S 0 
0 2 4 6 8 10 12 14 16 17 20 -75 -50-25 0 25 50 75 100 125 
VceE—Collector-Emitter Voltage—V .  TaA—Free-Air Temperature— C 
FIGURE 5 FIGURE 6 


NOTES: 6. Pulse operation of input diode is required for operation beyond limits shown by dotted lines. 
7, These parameters were measured using pulse techniques. ty, = 1 ms, duty cycle < 2%. 
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TYPES TIL124, TIL125. TILI26 
OPTO-COUPLERS 





IC(off)—Off-State Collector Current—nA 


!¢—Forward Current—mA 





TYPICAL CHARACTERISTICS 


OFF-STATE COLLECTOR CURRENT 
vs 


FREE-AIR TEMPERATURE 


ae a ee = 
ae ae ee a 
A a a 
0 10 20 30 40 50 60 70 80 90 100 
Ta—Free-Air Temperature—C 





FIGURE 7 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 


eewow7] TT | yl 


Ta=25°C Hof 





0 0.2 04 06:08 1.0 1.2 1.4 16 1.8 2.0 
VF—Forward Voltage—V 


FIGURE 9 


Normalized Static Forward Current Transfer Ratio-hFEe 


Ic—Collector Current—mA 


NORMALIZED TRANSISTOR STATIC FORWARD 


CURRENT TRANSFER RATIO 
vs 
ON-STATE COLLECTOR CURRENT 


a 
tet 


Normalized to 1.0 
atlc =1mA 
0.1 0.2 0.4 1 2 4 10 20 40 


1C(on)—On-State Collector Current—mA 
FIGURE 8 


100 


COLLECTOR CURRENT 
vs 


MODULATION FREQUENCY 










0.4 
0.2 
0.1 bet 
nae ae 
os Sanit aaa Hh 
0.02 
0.01 ti tt 
1 10 40 100 400 1000 


f—Modulation Frequency—kHz 


FIGURE 10 


NOTE 7: These parameters were measured using pulse techniques. ty, = 1 ms, duty cycle q 2%. 
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TYPES TIL127, TIL128 
 OPTO-COUPLERS 


BULLETIN NO, DL-S 12510, MAY 1977—REVISED OCTOBER 1978 





e Gallium Arsenide Diode Infrared Source Optically Coupled 
to a Silicon N-P-N Darlington-Connected Phototransistor 


e High Direct-Current Transfer Ratio . . . 300% Minimum at 10 mA 
e High-Voltage Electrical Isolation . .. 5000-Volt Rating 
e Plastic Dual-In-Line Package 


e Typical Applications Include Remote Terminal Isolation, 
SCR and Triac Triggers, Mechanical Relays, and 
Pulse Transformers 
mechanical data 
_The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a _ 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when eperated| in high-humidity 
5 | conditions. Unit weight is approximately 0.52 grams. 
seal 
8,13 (0.320) 
NOTES: 
a. All linear dimensions are in millimeters and 
q seevoor parenthetically in inches. 
7,62 (0.300) T.p, b, Leads are within 0,13 mm (0.005 inch) radius of 
pone true position (T.P.) with maximum material 
6,09 (0.240) condition and unit installed. 


846 (0.218) c. Pin 1 identified by index dot. 
2,82 10.115} 1.78 (0.070) MAX’ gg 
6 PLACES 


Terminal connections: 
. Anode Infrared-emitting 
Cathode diode 


zi —— SEATING PLANE 3 
es 0,306 (0.012) No internal connection 


1 
2 
| 3 
Oe aa 4. Emitter 
* 3,81 (0.150) Par 5. Collector Procaanane 
6 


3,17 (0.128) 4 PLACES 0,534 (0.021) Base 
0,381 (0.016) 
2.54 (0.100) T.P. 6 PLACES 
(See Note b} 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output Voltage 2 2 1 ww ee ee ee ee ee ee ee) 6 EEKV 
Collector-Base Voltage (TIL127) . 2 1 1 ww ee ee ee ke eee ee ee we BDV 
Collector-Emitter Voltage (See Note 1) 2 6 6 1 ee ee eee eee ee BOM 
Emitter-Collector Voltage. 2. 1 1 6 ee ee ee ee ee ee ee ee ee UN 
Emitter-Base Voltage (TIL127). 2 1 1. we ee ee ee ee ee ee) UT 
Input-Diode Reverse Voltage .. . ae Sy Nee eh ip ey wae Gaagecher tela ean Revere late) Teh eee a OM 
Input-Diode Continuous Forward Current. eos Sie <a re ee a CRAB? BB a as Sark ie i as 2 SIOOmA 
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature: 

Infrared-Emitting Diode (SeeNote2) . 2... 1 ee ee ee ee ee eee eee ew ee TBO MW 

Phototransistor (See Note3) ...... ‘ fone be hE aa ote oe TO mW 

Total (Infrared-Emitting Diode plus Phototiansistor, See Note 4) ses wel Sy as ow. te <a -290-mMW 
Storage Temperature Range . . Dee ee ee ee ee e))6=85°C to 150°C 
Lead Temperature 1,6 mm (1/16 Inch) front Case for 10 Seconds: Sn icles Jo tb Steer AG: AS eee og des * OOS 

NOTES: . This value applies when the base-emitter diode is open-circuited. 


1 

2. Derate linearly to 100°C free-air temperature at the rate of 2mw/c. 

3. Derate tinearly to 100°C free-air temperature at the rate of 2 mw/°c. 

4. Derate linearly to 100°C free-air temperature at the rate of 3.33 mw/°c. 
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TYPES TIL127, TIL128 
OPTO-COUPLERS 





electrical characteristics at 25°C free-air temperature 


: TIL127 TIL128 
PARAMETER TEST CONDITIONST UNIT 
MIN TYP MAX | MIN TYP MAX 
y Collector-Base 16s 40GA a jcat Vv 
(BRICBO Breakdown Voltage c By amas E 
Collector-Emitter 
Vv Ic=1mA lg =0, ! (6) ; 30 
IBRISEC Breakdown Voltage iortm, tara | mf me 
- Emitter-Base (einen in=6 | 
(BRIEBO Breakdown Voltage E # S , c 
=0, IF 
=0, tr 













Vv 
(BRIECO Breakdown Voltage 


= 30 
=0 7 

On-State Vce=1V Ig =0 =10mA 30 100 fo. eset 
=0 


Emitter-Collector 
= 10uA, lp =O 


B 

! 

Clon) Collector Current Vce=2V Ip = 10mA ns 
'B 


Collector Current 
Transistor Static 
Forward Current Vce=1V, “Ie =10mA, If =0 
Transfer Ratio 
Nee eet to 
[i 


3 
> 














Input Diode Static 
Ve Ip =10mA 
Forward Voltage 
, Collector-Emitter Ic = 125mA, ig = 0, Ip=50mA J | 
CE(sat) Saturation Voltage [ic=10mA, Ip = 10mA fe al 


Input-to-Output 

r Vin-out = 500 V, See Note 5 1011 1011 
Input-to-Output 

Cc; Vin- =0, f=1MHz, See Note 1 1.3 


Note 5: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together, 








t References to the base are not applicable to the TIL 128, 
switching characteristics at 25°C free-air temperature 


: TiL127 TIL128 
PARAMETER TEST CONDITIONS 
j MIN TYP MAX |MIN TYP MAX 


PARAMETER MEASUREMENT INFORMATION 


[ a 472 ; Adjust amplitude of input pulse for: 
INPUT : 1C(on) = 125 mA (T1L127) 


| IC(on) = 2.5 mA (TIL128) 


LA | INPUT | a eee 














NIT 








= = 
a 


wW 

[o) 

oO 
a 








OUTPUT 
RL = 1002 OUTPUT 





TEST CIRCUIT 7 VOLTAGE WAVEFORMS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zoy,= 500, tp <15 ms, duty cycle ~ 1%, 
tw = 500 us, ; 
b, The output waveform is monitored on an oscilloscope with the following characteristics: tp < 12 ns, Ri, 2 1 MQ, Cin < 20 pF. 


FIGURE 1—SWITCHING TIMES 
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TYPES TIL127, TIL128 





OPTO-COUPLERS 
TYPICAL CHARACTERISTICS 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs ; vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


ic—Collector Current—mA 
. I¢—Collector Current—mA 





: : 0 02040608 #1 12141618 2 
VcE—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V 


FIGURE 2 7 FIGURE 3 
COLLECTOR CURRENT OFF-STATE.COLLECTOR CURRENT 
vs vs 


INPUT-DIODE FORWARD CURRENT FREE-AIR TEMPERATURE 


I¢—Collector Current—mA 
IC(oft)—Off-State Collector Current—pA 





7 10 20 40 70100 
eee Current—mA Ta—Free-Air Temperature—°C 


FIGURE 4 © FIGURE 5 


NOTE 6: Pulse operation of input diode is required for operation beyond limits shown by dotted line. 
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TYPES TIL127, TIL128 
OPTO-COUPLERS 





_ TYPICAL CHARACTERISTICS 


—-TIL127 
RELATIVE COLLECTOR-EMITTER TRANSISTOR STATIC FORWARD 
SATURATION VOLTAGE CURRENT TRANSFER RATIO 
vs vs 
FREE-AIR TEMPERATURE COLLECTOR CURRENT 


25, 000 


70.00 a AAT 
= 
fy | Wii 


=25°C 


z 
vo.ooo FAM HE TT 
aa Ze 
(ee 


Relative to Value at Ta 





VCE(sat)—Collector-Emitter Saturation Voltage 
hfE—Static Forward Current Transfer Ratio 


0 
—75 -50 -25 0 25 50 75 100 125 0.1 O04 1 10 40 100 400 1000 
Ta—Free-Air Temperature—°C Ic—Collector Current—-mA 
FIGURE 6 FIGURE 7 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 


Ip—Forward Current—mA 





0 0.2 04 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
VF—Forward Voltage—V 
FIGURE 8 


NOTE 7: This parameter was measured using pulse techniques. tw = 1ms, duty cycle < 2%, 
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TYPES TIL153, TIL154, TIL155 
-OPTO-COUPLERS 


BULLETIN NO. DL-S 12645, SEPTEMBER 1978 





UL LISTED — FILE # E65805 


e GaAs-Diode Infrared Source Optically Coupled 
to a Silicon N-P-N Phototransistor 


© Direct-Current Transfer Ratio... 10% to 50% 
e Plug-In Replacements for T1L111 Series 


. e High-Voltage Electrical Isolation . .. 2500 V RMS (3535 V Peak) 
mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity 
conditions. Unit weight is approximately 0.52 grams. : 


8,89 (0.360) 
8,13 (0.320) 


NOTES: 
a. All linear dimensions are in millimeters and 
parenthetically in inches. ; 
: 7,62 (0.300) Tp. er b. Leads are within 0,13 mm (0.005 inch) radius of 
{fee Bote b) true position (T.P.) with maximum materia! 
6,81 (0.260) 
6,09 (0.240) condition and unit installed, 


6,46 (0.218) c. Pin 1 identified by index dot, 
. 1,78 (0.070) MAX oy 


S PLACES Terminal connections: 


. Anode : Infrared-emitting 
Cathode diode 
— SEATING PLANE ; 
0,306 (0.012) 78 (0. ,04 {0. No interna! connection 


0.203 (0.008) Emitter ; 
737 16.0601 Phototransistor 
3.31 (0.150) 727 10.060) . Collector > 
3,17 (0.128) 4 PLACES 0,534 (0.021) Base 


0,381 (0.016) 
254 eases wP. 6 PLACES 
(See Note 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output RMS Voltage (See Note 1)  . . 1... ee ee ee ee ee ee ew ww we) «62500 V 
Collector-Base Voltage beet hu de seve va oe cha, He Gs ook ah hits aoe dk a a oh Set ahs OW 
Collector-Emitter Voltage (See Note 2). a ees ele Bb Be ng ae ge hen. Sy etl og) <a ae ae hn at ae xe. ae dS SS, 10M 
Emitter-Collector Voltage ree eat Gy eee iat ait. eae ae ge ne ok MEE WM Ce th, ue Haase ote GON, 
Emitter-Base Voltage 2. 1 1 1 ww ee ee ee kk ee ee ee ew TM 
Input-Diode Reverse Voltage .. . Osh ot ie eV: 


Input-Diode Continuous Forward Current: at (or below! 25° c Free: Air Taniperature (See Note 3) .-. 100mA 
Continuous Phototransistor Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . 150mW 
Storage Temperature Range ae Loe ee ee ee ew we « 55°C to 150°C 
Lead Temperature 1.6 mm (1/16 fact fier Case ‘for 10 Seconds boats itis je, abit hae! becdlon Se nucle, GOES 


NOTES: 1, This rating applies for sine-wave operation at 50 or 60 Hz. Service capability is verified by testing in accordance with UL 
requirements, 
2. This value applies when the base-emitter diode is open-circuited, 
3. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/*°C. 
4, Derate linearly to 100°C free-air temperature at the rate of 2 mw/c, 
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TYPES TIL153, TIL154, TIL155 
OPTO-COUPLERS 





electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS TIEAGS pes oe UNIT 
p MIN TYP MAX|MIN TYP MAX|MIN TYP MAX 
* Collector-Base {c= 10 HA, (ge =0, 
Vv i 70 70 70 
phi? Breakdown Voltage 
y Coltector-Emitter Ic =1mA, Ig =0, 
(BR)CEO Breakdown Voltage Ip =0 
Emitter-Base Ip = 10 uA, tc =0, 
V(BRIEBO : : e . a 7 7 
Breakdown Voltage Ip =0 

















Input Diode Static 






I VR=z3V 
Phototransistor | Veg =10V, Ip = 10 mA, 
1 = 
tclon) Collector pe B 
, iu 


Current 







Photodiode Vcp =10V, Ip = 10 mA, 
Phototransistor | Vcg =10V, - Ip =0, 


Photodiode Veg =10V, if =0, 
Operation lg =0 


h Transistor Static Forward | Voge =5V, lc =10mA, 
FE Current Transfer Ratio Ip =0 
Input Diode Static : 
Vv le =10mA 
c Forward Voltage iestoms | tt 






Vv 
Vv 
A 
A 
A 
Off-State 
nA 


ICloff) Collector 
Current 









Collector-Emitter Ic =1mA, Ip = 10 mA, 
VCE (sat) 


Input-to-Output Vin-out = 0, f= 1 MHz, 
Capacitance See Note 5 


Saturation Voltage Ilp=0 
Input-to-Output Vin-out = 500 V, 
10 Internal Resistance See Note 5 


Cio 





NOTE 5: These Parameters are measured between both input diode leads shorted together and all the phototransistor leads shorted together. 


switching characteristics at 25°C free-air temperature 


MIN TYP MAX | UNIT 
Phototransistor | Vcc = 10 V, Ic{on) = 2 mA, R_ = 1002, a) 
Operation See Test Circuit A of Figure 1 Eo 2g] fe 
Photodiode [Vcc =10V, IC(on) = 20 HA, RL =1k2, eee aa 
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TYPES TIL153, TIL154, TIL155 
OPTO-COUPLERS 
ime neil a iit 
PARAMETER MEASUREMENT INFORMATION 
Adjust amplitude of input pulse for: 
lC(on) = 2 MA (Test Circuit A) or 
ICfon) = 20 BA (Test Circuit B) 


INPUT 






f 472 
472 
INPUT : INPUT 
OUTPUT 
(See Note b) poet t t¢ —to—el 
" outeut i 





= OUTPUT 
= Voce = 10 V RL = 100 2 | 









| 
(See Note b) 
! 
— ' = 
' : 
10% 10% 
TEST CIRCUITA . TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 
" NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zout 750 2, tp © 15 ns, duty cycle = 1%, 


ty = 100 bs. 


b. The output waveform is monitored on an oscilloscope with the following characteristics: tp © 12 ns, Rin 2 1 MQ, Cin < 20 pF. 


FIGURE 1—SWITCHING TIMES 





TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 
vs 
INPUT-DIODE FORWARD CURRENT 








< 

i 

3 

6 H = 

8 HHH 

3 ZZ HT 

2a mai Vani 

0.1 04 1 4 10 40 100 
_ (p—Forward Current—mA 
FIGURE 2 
97t 
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TYPES TIL153, TIL154, TIL155 
OPTO-COUPLERS 





TYPICAL CHARACTERISTICS 


TIL153 TIL154 
COLLECTOR CURRENT COLLECTOR CURRENT 
. vs 
COLLECTOR-EMITTER VOLTAGE 


COLLECTOR-EMITTER VOLTAGE 









TA=25°C 
See Note 6 


















< 
E E 
| ay 
F 40 ¢ 
s 5 
3 30 vd 
_ 5 
3 8 
= 20 ro} 
§ § 
dy cS) 
a 10 See. nee SS n me 
—— a oe Tig 10ma | _ lal es 
(EE ea : eee = 
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 2 
VcE—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V 
FIGURE3 FIGURE 4 
TIL155 
COLLECTOR CURRENT RELATIVE ON STATE COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE FREE-AIR TEMPERATURE 
L 
w 
N 
iT} 
< 
k- 
< 8 
i E 
s 
5 g 
a g 
2 © s 
Es 2 
[o} = 
= Ip. 2 
| p=10mAL_ b= 34 7/on ° 
> ° 
treet ia 
3 
Oo 
0 6. 10 12 14 16 17 20 -75 -50-25 0 25 50 75 100 125 
Be eres Voltage—V - Ta—Free-Air Temperature—°C 


FIGURES FIGURE 6 


NOTES: 6. Pulse operation of input diode is required for operation beyond limits shown by dotted lines. 
7. These parameters were measured using pulse techniques. ty = 1 ms, duty cycle < 2%, 
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TYPES TIL153, TIL154, TIL155 
OPTO-COUPLERS 





TYPICAL CHARACTERISTICS 


OFF-STATE COLLECTOR CURRENT 
vs 


FREE-AIR TEMPERATURE 








Ic(off)—Off-State Collector Current—nA 


0.1 
0 10 20 30 40 50 60 70 80 90 100 
Ta—Free-Air Temperature—C 


FIGURE 7 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 


eer COL 
Doe 
Case 





PLL | tase ff P| 
PsA 
BRERA 


0 0.2 0406 08 1.0 1.2 14 16 1.8 2.0 
VF—Forward Voltage—V 


_ |p—Forward Current—mA 
Cc 
ros) 


FIGURE 9 


Normalized Static Forward Current Transfer Ratio—hFEe 


ic—Collector Current—-mA 


NORMALIZED TRANSISTOR STATIC FORWARD 


CURRENT TRANSFER RATIO 
vs 


ON-STATE COLLECTOR CURRENT 


Normalized to 1.0 
atlc =1mA 





0170204 #1 #2 4 «10 20 40 


IC(on)—On-State Collector Current—mA 
FIGURE 8 


100 


COLLECTOR CURRENT 
vs 
MODULATION FREQUENCY 









0.4 

0.2 

0.1 || 

0.04 a 

0.02 COIL 

0.01 ai a 
1 10 40 100 400 1000 


a ee Frequency—kHz 


FIGURE 10 


NOTE 6: These parameters were measured using pulse techniques, tw = 1 ms, duty cycle < 2% 
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TYPES TIL156, TIL157 
OPTO-COUPLERS 


BULLETIN NO, DL-S 12646, SEPTEMBER 1978—REVISED OCTOBER 1978 





UL LISTED — FILE # E65805 


e GaAs-Diode Light Source Optically Coupled to a Silicon N-P-N 
Darlington-Connected Phototransistor 


© High Direct-Current Transfer Ratio... 300% Minimum at 10 mA 
o Plug-In Replacement for TIL113 & TIL119 


© High-Voltage Electrical Isolation . .. 2500 V RMS (3535 V Peak) 
mechanical data ; : . 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon darlington-connected 
phototransistor mounted on a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The 
case will withstand soldering temperature with no deformation and device performance characteristics remain stable 
when operated in high humidity conditions. Unit weight is approximately 0.52 grams. 


8,89 (0.350) 
8,13 (0.320) NOTES: 


a. All linear dimensions are in millimeters and 
parenthetically in inches, 
q b. Leads are within 0,13 mm (0.005 inch) 
INDEX DOT 


7,62 (0.300) T.P. radius of true position (T.P.) with maximum 
(See Note b) 


6.61 (0,260) materia! condition and unit installed. 
6,09 10.240) c. Pin 1 identified by index dot. 


5,46 (0.215) d. Terminal connections: 
292 (0.115) 1,78 (0.070) MAX 1. Anode Infrared-emitting 
SRLACES . Cathode diode 
. No internal connection 


. Collector 
. Base (For TIL157, make 
no external connection) 


1 
2 
3 
—~ SEATING PLANE 4. Emitter 
0,305 (0.012) 1,78 (0.070) 5. 
0,203 (0.008) 0,51 (0.020) 
om 6 


| 2,03 (0.080) 
3,81 (0.150) 7,27 (0.050) 
3,17 (0.125) 4 PLACES 0,534 (0.021) 


0,381 (0.015) * 
6 PLACES 


Phototransistor 


2,54 (0,100) T.P. 
(See Note b) 


ALL JEDEC MO-001AM DIMENSIONS AND NOTES ARE APPLICABLE 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output RMS Voltage (See Note1). 2. 2... 1 ee ee ee ee ee ee ee. 625000 
Collector-Base Voltage (TIL156) Sh cae tres 3 Sree ® erate ae Guat erna de ela ai ce @ ee 280°V. 
Collector-Emitter Voltage (See Note2) 2. 2... 1. we ee ee eee ee ee 680M 
Emitter-Collector Voltage cits 4, ai A a hans eed hes A eS eke Meds ee tee Sete OEM: 
Emitter-Base Voltage (TIL156). 2. 1 2 2 we ee ee ee ee ee) ULTUN 
Input-Diode Reverse Voltage ... . : Stee ew SM 
Input-Diode Continuous Forward Current: at Gk bélow! 25° C Free: Air Temperature (See Note 3) - . . . 100mA 
Continuous Phototransistor Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . 150mW 
Storage Temperature Range... eee ee ew be ew we ew e)~=685°CS to 150°C 


Lead Temperature 1,6 mm (1/16 Inch) pani Gass. ok 10 Saconds a gee ag. gw. ZOO 


NOTES: 1, This rating applies for sine-wave operation at 50 or 60 Hz. Service capability is verified by testing in accordance with ok 
requirements, 
2. This value applies when the base-emitter diode is open-circuited. 
Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/*C. 
4. Derate linearly to 100°C free-air temperature at the rate of 2 mw/c. 


9 
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TYPES TIL156, TIL157 
OPTO-COUPLERS 





electrical characteristics at 25°C free-air temperature 


[TLS L 
PARAMETER TEST CONDITIONSt TILI86 TIL187 
MIN TYP MAX |MIN TYP MAX 


Collector-Base 
V(BR)CBO Ic = 10 nA, Ie = 0, ip =O 





U 















Breakdown Voltage 


Collector-Emitter 


ic= 1mA, Ig = 0, ip-=0 


v 
(BRICEO Bp -eakdown Voltage 


B50 
Emitter-B 
V(eRIEBO le=10uA, I= 0, p= 
Breakdown Voltage 


Emitter-Collector 
V(BR)ECO Ie = 10 nA, Ip =0 7 


Breakdown Voltage 
On-State Vce =1V, Ig =0, Ip =10mA 


I 
Cton) Collector Current Vce =2V, Ie = 10mA 


Off-State ‘ 
! Vee = 10 V, Ip = 0, tp =O 
eon Collector Current = : : F100 | 






Transistor Static 


Forward Current Vce =ty, Ic =10mA, Ip =O 










Transfer Ratio 


Input Diode Static 
Ve ig = 10mA 
Forward Voltage ; 
Vv Collector-Emitter Ic = 125mA, ig =0, Ig = 50mA 
CE(sat) Saturation Voltage tc = 10mA, Ie = 10mA 


Input-to-Output 
r V; =500V, See Note5 
10 Internal Resistance rons 
Input-to-Output 
C; Vin-out = 9. f=1MHz, See Note5 


Note 5: These parameters are measured between both input-diode leads shorted together and al! the phototransistor leads shorted together, 
T References to the base are not applicable to the T!L157. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS LL 
MIN TYP MAX 


oe PARAMETER MEASUREMENT INFORMATION 
[ | 47 82 Adjust amplitude of input pulse for: 
| 


<j|< </|<]<|]<] 2 
a 









TIL167 
MIN TYP MAX 






¢ 
= 
+4 








INPUT IC(on) = 125 mA (TIL156) 
Ic(on) = 2.5 mA (THL157) 


me | INPUT | ap se ee 


OUTPUT 
R_ = 100 82 OUTPUT 





TEST CIRCUIT — VOLTAGE WAVEFORMS 


_ NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zgy_, = 50 2, t- © 15 ns, duty cycle = 1%, 
tw = 500 us. 
b. The output waveform is monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rin 7 1 MQ, Cin © 20 pF. 


FIGURE 1—SWITCHING TIMES 
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TYPES TIL156, TIL157 
OPTO-COUPLERS 





TYPICAL CHARACTERISTICS 








COLLECTOR CURRENT . COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 

200 

180 

. < 100 

<q 

E F 140 
r e 

5 2 120 
be 3 

5) © 400 
: g 

EH 2 80 

e ° 60 
oO 

2 = 40 

20 Ta =25°C 
ees AGGRO: 
0 
0 04 08 12 #16 20 24 0 02 040608 1 12141618 2 
VceE-—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V 
FIGURE 2 : FIGURE 3 
COLLECTOR CURRENT OFF-STATE COLLECTOR CURRENT 
vs : : VS 
INPUT-DIODE FORWARD CURRENT FREE-AIR TEMPERATURE 
1000 


100 


10 


Ic—Collector Current—mA 
IC(off)—Off-State Collector Current—yA 





1 2 -4 #710 20 40 70100 


\p—Forward Current—mA Ta—Free-Air Temperature—°C 


FIGURE 4 FIGURE 5 





NOTE 6: Pulse operation of input diode is required for operation beyond limits shown by dotted line. 
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TYPES TILi56, TIL157 
OPTO-COUPLERS 


TYPICAL CHARACTERISTICS 


TIL156 
RELATIVE COLLECTOR-EMITTER TRANSISTOR STATIC FORWARD 
SATURATION VOLTAGE CURRENT TRANSFER RATIO 
vs vs 
FREE-AIR TEMPERATURE COLLECTOR CURRENT 


25, 000 


ee) [TTT 
tp =0 
om TTT 






20, 000 









vest | TIM TUM 

ran ase LAMM LIAN UH 
VAIS 

LIE Zh | 

CLT LUT ETN TU 


il 
ie 
CL UTME aT UTIL | U 
Za 
TL 
| 


25 C 






at 
a 
o 
f=] 
oO 


10, 000 


Relative to Value at Ta 


: 
CEUTA TET TUT UT 
CLIT TTI 1 
o LLU TIE VEIN LU 


5, 000 


oO 
eS 
o 
ac 
ti 
a 
- 
n 
Cc 
ti] 
te 
Ke 
~ 
c 
o 
= 
e 
J 
oO 
uo] 
pwd 
°o 
mw 
oO 
e=) 
oO 
~ 
a 
iw 
uw 
<= 





VCE(sat)—Collector-Emitter Saturation Voltage 





0 
-—75 -50 -25 0 25 50 75 100 125 01 O4 1 4 10 -40 100 400 1000 
Ta—Free-Air Temperature—C Ic—Collector Current—mA 
FIGURE 6 FIGURE 7 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 


peer) 
Pec ae 
COE 
PT TT TELA tO 
sete Fine 













| p—Forward Current—~mA 
© 
° 


0 
0 02040608 1 1.2 14 1618 2 
Ve—Forward Voltage—V 
FIGURE 8 


NOTE 7: This parameter was measured using pulse techniques. ty, = 1 ms, duty cycle < 2%. 
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OPTO-COUPLERS IN CIRCUITS 


Howard T. Russell 


There are many situations in which information must be 
transmitted between switching circuits electrically isolated 
from each other. This isolation has been commonly 
provided by relays, isolation transformers, and line drivers 
and receivers. There is, however, another device that can be 
used quite effectively to solve these problems. This device is 
the opto-coupler. The need for the opto-coupler is most 
prominent in areas where high voltage and noise isolation, 
as well as small size, are considered important. By coupling 
two systems together with the’ transmission of radiant 
energy (photons), the necessity for a common ground is 
eliminated — the main purpose of the opto-coupler — and 
the systems can be effectively isolated. . 

Four Texas Instruments opto-coupler devices, the 
TIL 102, TIL103, TIL 107, and TIL108, are discussed in this 
report. How these devices can be used in various circuits to 
provide proper isolation in many systems will be a key part 
of this discussion, There are many circuit applications for 
opto-couplers; however, the ones offered in this report are 
just several which can be of special use. Complete specifica- 
tions for these devices are not included here but arc 
available in data-sheet form. 


DESCRIPTION OF AN OPTO-COUPLER 


Basically, a Texas Instruments opto-coupler consists 
of a GaAs (gallium arsenide) infrared-emitting diode 
(IRED) as the input stage and a silicon n-p-n photo- 
transistor as the output stage. The coupling medium 
between diode and sensor is either an infrared-transmitting 
(“IR”) glass, as used in the TIL102/TIL103, or simply a 
gas-filled gap, as used in the TIL107/TIL108. Photons 
emitted from the diode (emitter) have wavelengths of about 
0.9 microns. The sensor transistor responds most efficiently 
to photons having this same wavelength. Consequently. the 
input and output .devices are spectrally matched for 
optimum transfer characteristics. 

Equivalent circuits for the TIL102/TIL103 and 
TIL107/TIL108 are shown in Figures 1 and 2. For both 
families of devices, a current source between the collector 
and base of the sensor is used to represent the virtual base 
current generated by incident photons striking the base. 
This base current is proportional to the amount of radiation 
emitted from the diode. The collector-base and base-emitter 


INPUT OUTPUT 
STAGE STAGE 


\ / 





ANODE COLLECTOR 
BASE 
CATHODE EMITTER 
A 
INPUTS 
Cy 
K 





FIGURE 1. Terminal Connections and Equivalent 
Circuit for the TIL 102/TIL103 





ANODE COLLECTOR 

INPUT OUTPUT 
STAGE STAGE 

CATHODE EMITTER 

A c 

INPUTS OUTPUTS 
Cy 
E 
K 


FIGURE 2. Terminal Connections and Equivalent 
Circuit for the TIL107/TIL108 


junction capacitances are shown for both devices since they 
are used to determine the rise and fall times of the output 
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current waveform. Because :a relatively large transistor base 
area is necessary for increased sensor efficiency, the 
collector-base junction capacitance is fairly large. 


CHARACTERISTICS OF AN OPTO-COUPLER 


To fully utilize the advantages offered by an opto- 
coupler, it is necessary that the circuit designer become 
aware of some of its characteristics. The difference in 
characteristics between the families is attributed mainly to 
the difference in construction. 

The characteristics most useful'to the designer are as 
follows: 


1. High-voltage isolation. High-voltage isolation 
between the inputs and outputs is obtained by the 
physical separation between emitter and sensor. 
This isolation is possibly the most important 
advantage of the opto-coupler. These devices can 
withstand large potential differences, depending 
on the type of coupling medium and construction 
of the package. The IR glass separating the emitter 
and sensor in the TIL102/TIL103 has an isolation 
capability of 1000 V. In the TIL107/TIL108, the 
gas-filled (nitrogen) gap limits the breakdown to 
1000 V. For both devices, the leakage resistance is 
greater than 10122, 

2. Noise isolation. Electrical noise in digital signals 
received at the input of the opto-coupler is 
isolated from the output by the coupling medium. 
Since the input is a diode, common-mode noise is 

_rejected. Noise immunity for both devices is less 
than 1.0 V from anode to cathode. 

3. Current gain. The current gain (output current/ 
input current) of an opto-coupler is largely deter- 

- mined by the efficiency of the n-p-n sensor and by 
the type of transmission medium used. For the 
TIL103, the current gain is greater than unity, 
which in many cases eliminates the need for 
current amplifiers in the output. However, both 
the TIL102/TIL103 and TIL107/TIL108 have 
output current levels that are compatible with 
inputs of digital integrated circuits such as 
54/74 TTL and DTL. Figures 3 and 4 show typical 
input-to-output current relationships. 

4. Small size. The dimensions of these devices 
enable them to be used on standard printed-wiring 

. boards. The TIL102 and TIL103 are built in a 
metal can similar to a transistor package while the 
TIL107 and TIL1!108 are made into a double- 
flanged package similar to two TO-18 transistor 
packages end to end. The physical dimensions of 
these packages are shown in Figures 5 and 6, 


These are some of the prime characteristics of an 
opto-coupler that can be used effectively to isolate two 
systems. Other characteristics, such as high speed (which 





TIL 103 


1 TIL102 


0.1 





PHOTOTRANSISTOR COLLECTOR CURRENT, Ic (mA) 


° 
=a 
= 


0.1 1 10 100 
INPUT DIODE FORWARD CURRENT, IF (mA) 


_ FIGURE 3, Typical Inpu t/Output Current 
Relationship for the TIL102/TIL103 
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FIGURE 4. Typical Input/Output Current 
Relationship for the TIL107/TIL108 


enable opto-couplers to be of advantage in solid-state 
telays) and wide operating temperature range, are discussed 
in Texas Instruments Bulletin CB-116 (available upon 


- request). 
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FIGURE 5. Dimensions of the TIL102/TIL103 
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FIGURE 6. Dimensions of the TIL107/TIL108 


TYPICAL CIRCUIT APPLICATIONS 


The characteristics and advantages of an opto-coupler 
enable the designer to use it in a wide range of circuit 
applications. Important among the applications of an 
opto-coupler are those involving 54/74 TTL and similar 
digital integrated-circuit families. As was mentioned previ- 
ously, an opto-coupler has output currents compatible with 
both DTL and TTL inputs. This compatibility enables it to 
be especially attractive as an interface element between 
digital systems. The device is particularly beneficial in 
applications where high voltage differences may exist 
between systems. However, it is not limited only to digital 
applications, as shown by the following examples. 


Driving 54/74 TTL 

An effective method of coupling an opto-coupler to 
TTL circuitry is by using a Schmitt trigger that has an 
output level compatible with standard TTL devices. By 
coupling any of the Texas Instruments opto-couplers to the 
SN7413, as shown in Figure 7, the isolated signal at the 
input can be converted to TTL logic levels. Noise immunity 
is provided by the coupler as well as by the threshold level 
of the SN7413. 

The opto-coupler can also be employed as part of a 
Schmitt trigger circuit that utilizes discrete components. 
Because the output of the opto-coupler is a transistor, it 
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1kQ 


TIL102/TIL103 
OR 
TIL107/TIL108 






OUTPUT TO 
64/74 TTL 


TIL102/TIL103 
OR 
TIL107/TIL108 


(b) INVERTING FUNCTION 


FIGURE 7. Schmitt Trigger Coupling Opto-Coupler 
to 54/74 TTL Inputs 


can be used as the input stage to the trigger as shown in 
Figure 8. For this circuit, regeneration or positive feedback 
is provided by the coupled emitters of T!1 and T2. The 
output of this circuit is non-inverting and is compatible 
with TTL logic. 

Another Schmitt trigger utilizing discrete components 
that makes use of the base connection of the 
TIL102/TIL103 is shown in Figure 9. In this circuit, 
positive feedback is provided from the collector of T2 to 
the base of T1. Resistor R1 limits the base current to T1 
and keeps the device off when there is no signal at the 
emitter. As with the circuit in Figure 8, the output of this 
circuit is non-inverting and compatible with TTL levels. 


Transmission-Line Isolator 

By using an opto-coupler between two systems 
coupled by a transmission line, effective line isolation can 
be achieved. Figure 10 shows a typical interface system 
using TTL integrated circuitry coupled by a twisted-pair 
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line. The SN75450B is the input stage driving the trans- 
mission line and emitter of the opto-coupler. The IRED 
requires about 20 mA during “turn-on”, which is well 
below the maximum current rating of the transistor. At the 
receiving end of the line, the phototransistor is coupled to 
an SN7413 for fast pulse generation. The output of this 
system is a non-inverted pulse. However, by rearranging the 
TIsos opto-coupler and the SN7413 as shown in Figure 7(a), the 
output may be inverted. 

As simple as it-seems, employing an opto-coupler this 
way provides isolation for both noise and high voltage. An’ 
isolation transformer or relay could accomplish the task, 
but it would not be as fast as the opto-coupler. Also, a line 
S102 driver and receiver combination could be used to eliminate 
the noise and increase the speed, but it would be very 
ineffective if there were high potential differences between 
the input and output. 







TIL102/T1L103 
OR 
TIL107/TIL108 


O 
OUTPUT TO 
54/74 TTL 


Solid-State Relay 
FIGURE 8. Opto-Coupler with Discrete-Component Through the use of transistor circuits, mechanical 
Schmitt Trigger for Driving 54/74 TTL relays are slowly being replaced by solid-state relays. In 


some cases, the solid-state relay (SSR) offers distinct 
advantages over its mechanical counterpart. For example, 
an SSR has the advantage that it has neither moving parts 
nor fragile wires and it has faster switching speeds and 
longer operating life. However, one disadvantage of an SSR 
is that it generally has a lower degree of input/output 
isolation than a mechanical relay. To overcome this 
disadvantage in the SSR, an opto-coupler can be used as the 
isolating input stage as shown in the block diagram in 
Figure 11. The control stage may consist of discrete 
transistors or integrated circuits, while the output stage 


consists of high-power switching devices. 
CONTROY {OUTPUT 
STAGE STAGE 


FIGURE 11. Typical Solid-State Relay Using an 
Opto-Coupler 





INPUT 





FIGURE 9, TIL102/TIL103 in a Schmitt Trigger 
for Driving 54/74 TTL 


A simple isolated latch circuit, which is somewhat of 
an SSR, is shown in Figure 12. The output of the 
opto-coupler is used to fire the SCR that provides power to 
the load. To turn off the load current, the supply voltage 
Vcc2 must be removed. 





Isolated Chopper Circuit 
Chopper circuits that use mechanical relays suffer 
FIGURE 10. Typical Transmission Line Isolator from a speed problem as well as switching transients at the 
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TIL107/ 
TILt08 


G2 
FIGURE 12. Solid-State Latch Using a 
TIL107/TIL108 


load. By using bipolar transistors or FETs as series and 
shunt switching elements, the speed may be improved; but 
capacitive coupling to the switching circuitry may still 
produce transient ‘spikes’ on the output signal. By using 
an opto-coupler to switch the input signal as shown in 
Figure 13, the switching circuitry can be isolated from the 
output, thereby reducing output “spikes”. The use of two 
couplers in the configuration shown allows chopping of 
either positive or negative input signals with a frequency of 
one-half that of the input to the flip-flop. The SN72741 
operational amplifier is used to increase the output signal 
with a gain of R2/Rq. 


Q a 
FLIP-FLOP 
T 


FIGURE 13. Chopper Circuit Using Opto-Couplers 





CONTROL 
SIGNAL © 


Pulse Amplifiers 


Pulse amplification, as well as isolation, can be 


achieved by using an opto-coupler with a pulse amplifier. 
The circuit shown in Figure 14 uses an isolator with an 
SN72741 operational amplifier to amplify the pulse appear- 
ing at the anode of the IRED. The gain of this circuit is 
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RE 100kn 





FIGURE 14. Isolated Pulse Amplifier Using 
Opto-Coupler and SN72741 
Operational Amplifier 


controlled by the feedback resistor Rp. An amplifier 
employing discrete components and that uses the 
TIL102/TIL103 as part of the current feedback pair is 
shown in Figure 15. The feedback resistor Rj controls the 
current gain as well as the output d-c level. 

Figure 16 shows an opto-coupler with a voltage- 
feedback amplifier that has a gain of 1+ R2/R. This type 
of amplifier offers high input impedance, which will not 
load the emitter of the sensor transistor. 





FIGURE 15. Discrete-Component Pulse Amplifier 
with TIL102/TIL103. 


Or15 Vv 





FIGURE 16. Voltage-Feedback Pulse Amplifier 
with Opto-Coupler 
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OPTO-COUPLERS 


The opto-coupler is designed as the solid-state replacement 
for mechanical relays and pulse transformers. Functionally, 
the opto-coupler is similar to its older mechanical counter- 
part because it offers a high degree of isolation between a 
pair of input and output terminals. However, unlike the 
older mechanical devices that transfer signals by magnetic 
coupling, opto-couplers transfer signals by a photon- 
coupling process. Briefly, opto-couplers are the logical 
choice over mechanical relays and pulse transformers 
because they offer: 


For relay functions: 


e Faster operating speeds 

e Positive (no bounce) action 

e Insensitiveness to vibration and shock 

e Long life as there are no moving contacts 
to wear or pit 

@ Wide operating temperature range as 
there are no moving contacts to stick 

@ Small size : 

© Compatibility with DTL and TTL 


integrated circuits 
For transformer functions: 


@ Frequency response from dc to 100 kHz 

@ Lower coupling capacitance for better 
common-mode rejection 

@ Small size 

e Improved shock and vibration resistance 


OPTO-COUPLER CONFIGURATION 


The input stage of an opto-coupler consists of a 
highly efficient GaAs (gallium arsenide) infrared-emitting 
‘diode. When forward biased at a relatively low current level, 
the infrared-emitting diode emits photons that have an 
optical wavelength in the near-infrared region of about 
0.9 pm, 

. The output stage. of an opto-coupler consists of a Si 
(silicon) phototransistor. This radiation-sensitive device 
responds most efficiently to optical wavelengths in the 


0.9-um region. Hence, the photon-coupled input and 
output stages are spectrally matched for optimum input-to- 
output transfer ratio. ; 

Several types of opto-couplers are presently offered 
by Texas Instruments as standard products. These devices 
differ primarily in the types of emitters and photo- 
transistors used and in the method used to obtain electrical 
isolation. Figure 1 shows the outline drawings for both the 


+ TIL102/TIL103 and the TIL107/TIL108 opto-couplers. 


Note that both series of devices consist of the input-stage 
emitter and the output-stage phototransistor. However, the 
TIL 102/TIL 103 is constructed with a thin layer of infrared- 
transmitting glass between the input and output stages 
while the TIL107/TIL108 uses an air gap to attain higher 
electrical isolation. 
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FIGURE Ia, Details of TIL102/TIL103 
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FIGURE Ib. Details of TIL10 7/TIL108 
Construction 
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Regardless of whether an air gap or IR-transmitting 
glass is used to separate the input and output terminals, the 
operating characteristics are basically the same. When an 
input signal (forward bias current) is applied to the 
infrared-emitting diode, photons are absorbed in the photo- 
transistor, thus providing conduction between the output 
terminal leads. Figure 2 indicates schematically how the 
input and output stages of the TIL102/TIL103 and 
TIL107/TIL108 are arranged. 


alt EMITTER 
mall NO CONNECTION — BASE peed , 
ANODE COLLECTOR 
FIGURE 2a, TIL102/TIL103 Input and Output 
‘Terminal Connections 


EMITTER: ouTeuT 
input ANODE cottectorn J STAGE 
STAGE | CATHODE 


FIGURE 2b, TIL107/TIL108 Input and Output 
Terminal Connections 


UNIQUE ADVANTAGES OF 
THE OPTO-COUPLER 


Aside from the fact that opto-couplers are of solid- 
state construction and possess no moving contacts, which 
would eventually freeze or wear out, they offer several 
other unique advantages. 


Small Size 

As shown in Figure 3, the TIL102/TIL103 devices are 
packaged in modified TO-78 cases, which allows the user 
to ‘mount devices in medium-density applications. The 
TIL107/TIL108 devices are enclosed in a doubled-flanged 
package with a diameter similar to that-of a standard TO-18 
device. Close-proximity mounting into printed circuit 
boards is attainable, and both packages are hermetically 
sealed to allow operation under extreme environmental 
conditions, 
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FIGURE 3a, Mechanical Data of TILI 02/TIL103 





High-Voltage Electrical Isolation 

The voltage-isolation characteristic of opto-couplers 
allows the user to transmit signals between two or more 
terminals within a system when large voltage potential 
differences exist. The TIL102/TIL103 series and 
TIL107/TIL108 series are capable of isolating up to 
1000 volts. Since physical packaging usually limits voltage 
isolation capabilities, the package can be modified to attain 
several thousand volts isolation with multimegohm leakage 
resistance and picofarad coupling-capacitance. 
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FIGURE 3b, Mechanical Data of TIL107/TIL108 


High Gain 

As outlined in Table I, the TIL102 and TIL103 have 
typical input-to-output current ratios of 0.6 and 1.5, 
respectively. Since the TIL103 has a gain factor greater 
than 1, the need for amplifiers behind the opto-coupler 
output stage is eliminated. While the TIL107/TIL108 
devices have typical current gain ratios of approximately 
0.1 and 0.2, respectively, both are designed to operate with 
input and output currents that are compatible with 
standard DTL and TTL integrated circuits. Figure 4 out- 
lines typical output currents for various input current 
levels, 


High Speed 

Table II outlines the typical switching characteristics 
for the TIL102/TIL103 and TIL107/TIL108 series of 
opto-couplers at 25°C case temperature. Note that the rise, 
fall, delay, and storage times for these solid-state opto- 
couplers are measured in microseconds. Thus, they are 
typically 1000 times faster than conventional mechanical 
relays, which have switching speeds in the millisecond 
range. 


Wide Operating — Temperature Range 

The GaAs input diode and the Si phototransistor have 
temperature coefficients that offset each other. An increase 
in temperature will cause the GaAs emitter to emit fewer 
photons while the phototransistor will increase in sensi- 
tivity. On the other hand, at low temperatures the 
efficiency of the GaAs emitter increases and more photons 
are emitted, but the phototransistor sensitivity decreases. 
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For this reason, the overall current gain of the opto-coupler Opto-couplers are also valuable for coupling either 
is fairly stable over a wide temperature range. Figure Sa analog or digital signals between terminals in a system. 
shows typical relative output of the TIL102/TIL103 series Since ground looping problems are avoided when opto- 
while Figure 5b shows the typical relative output current couplers are used, spurious noise from circulating ground 
for the TIL107/TIL108 series. Note that both sets of currents is eliminated. In addition, the d-c isolation 
characteristic curves show input versus output currents over characteristic of opto-couplers will allow signal transfer, 
a —55°C to 125°C temperature range. This operating-range despite the fact that large voltage potential differences may 
stability offers the user a wide degree of flexibility for exist between the various terminals of a system. 


applications which involve MIL-Spec temperatures. 
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TYPICAL 
OUTPUT CURRENT 






DEVICE TEST CONDITIONS INPUT CURRENT 












TIL102 
TIL103 


Vce=5V,1g=0 Ip =10mA 





Vee =5V,1g=0 lp =10mA 


ip=15mA 
Ip =35mA 















TIL107 VcE=5V 
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Ip =35mA 





TIL108 VcE=5V 


100 ¢ 10 
VceE=5V Pe 
Ig =0 Ad 
° 7 
Ta=25°C 5 
. Fs 
10 = 
=} 
a) 1 
TIL 103 4 
fe) 
5 
1 TIL102 us 
a 
a 
° 
oO 
§ 0.1 
a 
0.1 a 
2 
< 
ig 
- 
° 
- 
0.01 a 2 0.01 
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FIGURE 4a, Input Current versus Output Current FIGURE 4b, Input Current versus Output Current 
for TH.102/TIL 103 for TIL107/TIL108 





DEVICE TEST CONDITIONS 


Table il 


TYPICAL TYPICAL TYPICAL TYPICAL 
DELAY TIME RISE TIME STORAGE TIME FALL TIME 


TIL102 Vcc = 20 V, Ic(on) = 
TIL103 5mA, RL = 1002 


TIL107 Vcc = 35 V. Icon) = 
TIL108 500 wA, RL = 1k2 
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FIGURE 5b, Relative Output Current versus 
Temperature for TIL107/TIL108 
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FIGURE Sa, Relative Output Current versus 
Temperature for TIL102/TIL103 
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Sensor/ Emitter 
Arrays 


QUICK REFERENCE GUIDE 
SENSOR/EMITTER ARRAYS 


DEVICE TYPE 


T1L131 | Nine-element gallium 

eS [emis ne wry | 
TIL132 | Nine-element photo- 

Real ere ae 
TIL133 | Nine-channe! IRED- 

ie phototransistor pair = 
TIL134 | Twelve-element gallium 

eae arsenide [RED array | 





SENSOR-EMITTER ARRAYS 
QUICK REFERENCE GUIDE 


1, MIN 
LM FEATURES 
@ ; 
Vce =5Vi Voce =5 V jig =50 mA 


Nine TIL23’s mounted on p-c 
board for paper tape readers 
2.5mA OAV 
to 
















POWER 
OUTPUT 
MIN@ 





Nine LS600’s mounted on p-c 

board for paper tape readers 

Consists of a TIL131 and a TIL132 
with guaranteed channel performance 


















Twelve TiL23’s mounted on 6,4-mm 






(0.250-inch) centers. For reading 
punched cards 

Twelve LS600‘s mounted on 6,4-mm 
(0.250-inch) centers in double-sided 
p-c board 
Consists of a TIL134 and TIL135 
with guaranteed channel performance 






TIL135 | Tweive-element photo- 
transistor array 











TIL136 | Twelve-channel IRED- 
phototransistor pair 
















o ON-STATE OFF-STATE 
COLLECTOR CURRENT COLLECTOR CURRENT 
DEVICE TYPE FEATURES 
MIN @ @ MAX @ 
TIL138 | One-channel 16mA 35 mA 25 nA 30V JA TIL32 gallium arsenide IRED and 
transmissive assembly la TIL78 phototransistor mounted in 
a plastic housing 
TIL139 | One-channel reflective 10 nA ‘40mA 5V 25 nA 30V_ {A TIL32 and a TIL78 mounted in a 
200HA — 20mA 10V | 100.nA Le rere ere 
transmissive assembly 50 pA 20 mA 10 V 100 nA 10 V ieee 
One-channel 2mA 16 mA 1V 100 nA 5V_— |High-gain darlington phototransistor. 
transmissive assembly 1.6mA 50 mA 1Vv 100 nA 5 V_ {Standard dual-in-line pin spacing 
4mA 20 mA 5V 100 nA 10V tae: ; 
pas Standard dual-in-line pin spacing 
transmissive assembly imA _- 20mA 5V 100 nA 
THL149 | One-channel reflective 100 uAt 40 mA 5V 100 nA 15V |A TIL32 and a_ phototransistor 
assembly similar to TIL78 in a plastic housing 


tReflective surface is Eastman Kodak (or equivalent) neutral white paper with 90% diffuse reflectance placed 3,81 mm (0.150 inch) from 
read head. 


£ Reflective ‘surface is 0,025-mm (0.001-inch) thick aluminum foil, typical of beginning of tape/end-of-tape strips on magnetic tape surface, 
placed 3,81 mm (0.150 inch) from read head. 


Vv Vv 
DEVICE TYPE OH OL FEATURES 
MIN MAX 









0.4 mA 15 mA 













r=) 
< 


TIL141 | 12-channel integrated 410mA | TTL/DTL-compatible output levels. TIL142 has plug-in 
11142 | optical reader | 24v [| o4V | 410m | connector 





For other arrays, see the following sections in this book: Photodetectors, Infrared Emitters, and Light-Emitting Diodes. 
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: TYPES TILI31 THRU TIL133 
9-ELEMENT ARRAYS AND 9-CHANNEL PAIR 


BULLETIN NO. DL-S 11554, SEPTEMBER 1971 





TIL131 ...9-ELEMENT GALLIUM ARSENIDE IRED ARRAY 
TIL132 .. . 9-ELEMENT PHOTOTRANSISTOR ARRAY 
TIL133 ... 9-CHANNEL PAIR 


Center-to-Center Spacing of 2,54 mm (0.100 Inch) Inch for Tape Reading 
e@ Reliable Solid-State Components 


IRED’s Eliminate Lamp-Filament-Sag Problems 


e Spectrally Matched for Improved Performance 


e Printed Circuit Board Construction Allows Precise Alignment 


description 


The T!L131 is an array of nine TIL23 gallium arsenide infrared-emitting diodes mounted in a printed circuit board. The 


TIL132 is an array of nine selected LS600 phototransistors. The TIL133 is a pair of selected arrays comprising a 
TIL131 and T1L132 and offering guaranteed channel performance. 


mechanical data 


The printed circuit board material is glass-base NEMA standard FR-4, class I1, 0.6-kg/m2 (2- Bali) copper clad on each 
side. The approximate weight of the T!1L131 and TIL132 is 3.7 grams each. 


TIL131, TIL132 


2,566 (0.101) 0.838 0.035) og 
2.464 (0.087) 0.686 (0.027) 
4 MOUNTING HOLES 18 WIRE HOLES 


7,620 0,061 
(0.300 ¢ 0.002) 

28,66 (1.010) 

25,14 (0.990) | ‘See Nowe b) 


(cMBCal 


PHOTOTRANSISTORS 
OR 
IR-EMITTING DIODES 


2,840 2 0.061 
(0.100 ¢ 0.002) ® PLACES 
TOLERANCE NONACCUMULATIVE 
7,671 (0.302) {See Nowe b) 
7,500 (0.208) 
$.21 (0,206) 
S96 (0.196) 35.560 + 0,078, 
(1.400 ¢ 0.003) 
4,598 (0.181) 
W546 10.178 


1.74 (0.0686) 1,74 (0.0685) 
0566 T4710,0606) 
ACES! 0,94 (0.037) 
1,02 (0.040) MAX 1,02 (0.040) 
MAX MAX 


1,46 (0.087) 
MAX 


SIDE VIEWS 
OF ACTIVE ELEMENTS 


COLLECTOR 


TIL131 


TIL132 
NOTES: a. Dimensions are in millimeters and parenthetically in inches. 


b, The toterances shown for these dimensions apply to location of the mounting 
holes and the active elements only. Tolerance of + 0,13 mm (0.005 inch) 
applies for location dimensions of the wire holes, 
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TYPES TIL131 THRU TIL133 
9-ELEMENT ARRAYS AND 9-CHANNEL PAIR 


TIL131 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Reverse. Voltage. send ee ee ee Sie oe oe OR ee a En oe ee Res ee 2M. 
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1)... .... +. + 100mA 
Operating Free-Air Temperature Range . 2. 1 ek ee ee ee ee eee) BEPC to 125°C 
Storage Temperature Range. ww we ee ee ee ee ee) 665°C to 150°C 
Soldering Temperature (10Seconds) . 2... 1 ee ee ee ee ee ee ee ee 240°C 


NOTE 1: Derate finearly to 125°C free-air temperature at the rate of 1 ma/*c. 


-TIL131 operating characteristics of each element at 25°C free-air temperature 


PARAMETER 


Po Radiant Power Output 
Ap Wavelength at Peak Emission 


Ov Spectra! Bandwidth Ip =50mA 
OHI Half-Intensity Beam Angle 
VE Static Forward Voltage 





TIL132 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Emitter Voltage... 1 1 ee ee ee ee eee «SOV 
Emitter-Collector Voltage 2. 1 1 ww ee ee ee ee ee ee eee) 67M 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ........ =. SOmW 
Operating Free-Air Temperature Range 2 2. 1 ee ee ee ee ee ee) 65°C to 125°C 
Storage Temperature Range... ww we ee ee ee ee ee ee ee —65°C to 150°C 
Soldering Temperature (10Seconds) 2... ee ee ee ee ee ee ee es 240°C 


NOTE 2: Derate linearly to 125°C free-air temperature at the rate of 0.5 mw/°c. 


TIL 132 electrical characteristics at 25°C free-air temperature 


individual element characteristics 


PARAMETER : TEST CONDITIONS MIN TYP MAX/UNIT 
ViBR)CEO Collector-Emitter Breakdown Voltage Ic = 100 nA, E,=0 
ViBR)ECO Emitter-Collector Breakdown Voltage Ie = 100 pA = 7 

















Ih Light Current VcE =5V. = 20 mW/cm2, See Note 3 
VCE(sat}) _ Collector-Emitter Saturation Voltage Ic =0.4mA = 20 mW/cm2, See Note 3 


element matching characteristics 


PARAMETER TEST CONDITIONS MIN TYP MAX 


ILmin ; 
“= Light Current Matching Factor Vce =5V, Eg = 20 mW/cm2, See Note 3 pos 
Lmax 


POs 

=T00HA,F9=0 care 

Pip Dark Curent Cd = SOV, OSC‘ 
“BV, fe - ewe 


UNIT 













NOTE 3: Irradiance (Eg) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten 


linear-filament lamp operating at a color temperature of 2870 K. 
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TYPES TIL131 THRU TIL133 
9-ELEMENT ARRAYS AND 9-CHANNEL PAIR 





TIL133 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Maximum ratings of T1L131 and TIL132 apply. 


TIL133 electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt MIN TYP MAX |UNIT 
Ic Output Collector Current Ip=50mA, Vce=5V 12.5 4 10 | mA | 
VCE(sat)  Collector-Emitter Saturation Voltage ip =50mA, IG=2mA 0.4 «(0.7 


TIL133 switching characteristics at 25°C free-air temperature 


PARAMETER ‘ TEST CONDITIONS MIN TYP MAX|UNIT 
tf Fall Time R_ = 1002, See Figure 1 ee 


t These parameters are measured at a lens-to-lens distance of 0.100 inch. 


PARAMETER MEASUREMENT INFORMATION 


472 
INPUT Adjust amplitude of input pulse 
(See Note A) : for IC(on) = 2mA 


\\ INPUT f | 





























OUTPUT 
(See Note B) 





SO OUTPUT 





TEST CIRCUIT VOLTAGES WAVEFORMS 
NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zo, =50 2, tp < 15 ns, duty cycle = 1%, 


tw = 100 us. 
B. The output waveform is monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rijn 2 1 MQ, Cin < 20 pF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


TIL133 
COUPLING CHARACTERISTICS 






SOURCE: SENSOR 
If =50mA IT Vce=5V 
Ta = 25°C ttt Ta = 25°C 


urrent Relative to Value at 0,100 in 





Cc 
°° 
o 5} 
nN & 


Output 


0.01 
0.01 0.02 0.04 O01 #02 04 1 


Distance Between Lenses—in 


FIGURE 2 
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TYPES TIL131 THRU TIL133 


§-ELEMENT ARRAYS AND 9-CHANNEL PAIR 


TIL131 


TYPICAL CHARACTERISTICS 


FORWARD CONDUCTION CHARACTERISTICS 


tp—Forward Current—mA 
= 
° 


838868 8 


= 
oo 8 


VF—Forward Voltage—V 


FIGURE 3 


TIL131 


ANGULAR DISPLACEMENT 


Relative Photon Intensity 


@—Angular Displacement 


FIGURE 5 
TIL132 





RELATIVE PHOTON INTENSITY 
vs 





Output Power Relative to Value at !- =50 mA 


AAp—Wavelength Change from Vatue at Ta = 25°C-A 


NORMALIZED LIGHT CURRENT 
vs 


ANGULAR DISPLACEMENT 


Normalized Light Current—IL. 


0 
60° 40° 30° 20° 10° 0° 10° 20° 30° 
@—Angular Displacement 


FIGURE 7 





Ip—Dark Current—nA 


40° 50° 





-75 -50 -25 0 





TIL131 
RELATIVE POWER OUTPUT 


vs 
FORWARD CURRENT 


Ta #2 
See No 








20 40 70100 200 400 


(p—Forward Current—-mA 


1000 


FIGURE 4 


TIL131 


CHANGE IN WAVELENGTH OF PEAK INTENSITY 


vs 
FREE-AIR TEMPERATURE 











25 50 75 100 125 
Ta—Free-Air Temperature—C 


FIGURE 6 


TIL132 
DARK CURRENT 


Ms 
FREE-AIR TEMPERATURE 














25 #0 
Ta—Free-Air Temperature—"C 


100 125 


FIGURE 8 


NOTE 4: These parameters were measured using pulse techniques ty, = 0.04 ms, duty cycle < 10%.° 
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TYPES TILI34 THRU TIL136 
12-ELEMENT ARRAYS AND 12-CHANNEL PAIR 


BULLETIN NO. DL-S 11561, SEPTEMBER 1971 






TIL134...12-ELEMENT GALLIUM ARSENIDE IRED ARRAY 
TIL135... 12-ELEMENT PHOTOTRANSISTOR ARRAY 
TIL136...12-CHANNEL PAIR 

e Center-to-Center Spacing of 6,3 mm (0.250 Inch) for Tape Reading 

e@ Reliable Solid-State Components 

@ IRED’s Eliminate Lamp-Filament-Sag Problems 


e@ Spectrally Matched for Improved Performance 
e Printed Circuit Board Construction Allows Precise Alignment 


description 


The T1L134 is an array of twelve TIL23 gallium arsenide infrared-emitting diodes mounted in a printed circuit board. 
The TIL135 is an array of twelve selected LS600 phototransistors. The T1L136 is a pair of selected arrays comprising a 
TIL134 and TIL135 and offering guaranteed channel performance. 


mechanical data 


The printed circuit board material is glass-base NEMA standard FR-4, class II, 0,6-kg/m2 (2-0z/ft2) copper clad on each 
side. The approximate weight of the TIL134 and TIL135 is 8.5 grams each. 


TIL134, TIL135 
96,51 (3.760) 
94,99 (3.740) 


0,838 (0.033) p14 
0,686 (0.027) 
24 WIRE HOLES 


15,240 + 0.051 


{0.600 + 0.002) ! rity 
-0--+6}! if 


7,820 £ 0,051 . 
25,66 (1.010) {0.300 + 0.002) PHOTOTRANSISTORS 
u OR 


35,14 (0.990) 
IR-EMITTING DIODES 


2,566 (0.101) OIA 


6,93 (0. 6,350 + 0,067 2,464 (0.097) 
10.268) (0.250 + 0,002) a ERAReS 4 MOUNTING HOLES 


a aad TOLERANCE NONACCUMULATIVE 
7,671 (0.302) (See Note b) 


7,569 (0.288) 


85,090 # 0.076 
(3.360 £ 0.003) 
a em NOTES: a. Dimensions are In millimeters and parenthetically 
in inches, 
b, The tolerances shown for these dimensions apply 
to location of the mounting holes and the active 
elements only, Tolerance of + 0,13 mm (0.005 inch) 
applies for location dimensions of the wire holes, 


TIL134 TiL135 


1,74 (0.0685) 1,74 (0.0685) 
1,43 (0.0565) 1.43 (0,0665) 


1,45 (0.057) 0,94 (0.037) 
1,02 (0.040) 
MAX Mase MAX 102 toca 


CATHODE EMITTER COLLECTOR 


SIDE VIEWS OF ACTIVE ELEMENTS 3/4 ACTUAL SIZE 
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TYPES TIL134 THRU TILI36 
12-ELEMENT ARRAYS AND 12-CHANNEL PAIR 





TIL 134 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Reverse Voltage . 2... 1 1 wee ee ee ee ee eee 2M 
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1)... .... =... 100mA 
Operating Free-Air Temperature Range. . . . 2. 6 1 ee ee ee ee ee ee —65°C to 125°C 
Storage Temperature Range . 2 ww 1 we ee ee te ee ee ee —65°C to 150°C 
Soldering Temperature (10Seconds) . . 2... ee ee ee ee ee ee ee ee eee = 240°C 


NOTE 1: Derate linearly to 125°C free-air temperature at the rate of 1 ma/*c. 


TIL134 operating characteristics of each element at 25°C free-air temperature 


; PARAMETER_.. TEST CONDITIONS| MIN TYP MAX] UNIT 
Po Radiant Power Output ; | mW | 
Ap Wavelength at Peak Emission } um | 
AA Spectral Bandwidth | A | 














Se 


Ort Half-Intensity Beam Angle 


Ve Static Forward Voltage —- [1.2515 | 


TIL135 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Emitter Voltage 2. 1 ww ww ee ee ee ee ee ee ee 6BOV 
Emitter-Collector Voltage 2. 1 1 ww ee ee ee ee ee ee ee ee UTM 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ......... SOmW 
Operating Free-Air Temperature Range. . 1. 1 ee ee ee ee ee ee) = 65°E to 125°C 
Storage Temperature Range. wwe ee ee ee ee 65°C to 150°C 
Soldering Temperature (10 Seconds) . . . . . 1. 1 ee ee ee ee ee 240°C 


NOTE 2: Derate linearly to 125°C free-air temperature at the rate of 0.5 mW/°C. 


TIL 135 electrical characteristics at 25°C free-air temperature 


individual element characteristics 


PARAMETER . TEST CONDITIONS MIN TYP MAX|UNIT 
ViBR)CEO Collector-Emitter Breakdown Voltage Ic=100nA, Ee=0 f}50——“ (i; 












(g= 100A, E,=0 
Tp Bark Curent [Veg a0, tg ro a 
Pip ight Current Veg = 8 V, Ee. = 20 nen? Se NoteS_[ 12 ma 
VCE(sat)  Collector-E mitter Saturation Voltage | Ic=0.4mA,  E_=20mWiem?, SeeNote3 { 0.15 | VC 


_ element matching characteristics 


PARAMETER TEST CONDITIONS MIN TYP MAX/UNIT 





ILmin 
7 Light Current Matching Factor Vce =5V, Eg = 20 mW/cm2, See Note 3 pos 
Lmax 


NOTE 3: Irradiance (Eg) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten 
linear-filament lamp operating at a color temperature of 2870 K. 
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TYPES TILI34 THRU TIL136 
12-ELEMENT ARRAYS AND 12-CHANNEL PAIR 





TIL136 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Maximum ratings of TIL134 and TIL135 apply. 
TIL136 electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS* MIN TYP MAX {UNIT 
Tos Output Collector Current Ip =SOmA, . VcE=5V : 12.5 4 10] _mA 





VcE(sat)  Collector-Emitter Saturation Voltage Ip =50mA, Ic=2mA 0.4 0.7 


TIL136 switching characteristics at 25°C free-air temperature 
MIN T¥P_MAX[UNIT 







tf Fall Time RL = 1002, See Figure 1 p15 us 


tthese parameters are measured at a lens-to-lens distance of 0.100 inch. 








PARAMETER MEASUREMENT INFORMATION 


472 INPUT 


Adjust amplitude of input pulse 
(See Note A) 


for IC(on) = 2mA 


\\ INGOT 5 [pe 


OUTPUT 
(See Note B) 





i a ca OUTPUT 
TEST CIRCUIT VOLTAGES WAVEFORMS 
NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zoy, = 50 2, tp < 15 ns, duty cycle ~ 1%, 


tw = 100 us. 
8B. The output waveform is monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rin 2 1 MQ, Cin & 20 pF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


TIL136 
COUPLING CHARACTERISTICS 


0.4 
0.2 
0.1 









SOURCE: 













© 0.04 


put Current Relative to Value at 0.100 in 






Tan 28°C THHHftTa = 25°C +} 


man 
ore || 


0.01 0.02 0.04 01 #02 04 1 


Distance Between Lenses—in 





FIGURE 2 
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TYPES TILI34 THRU TILI36 
12-ELEMENT ARRAYS AND 12-CHANNEL PAIR. 











TYPICAL CHARACTERISTICS 
TIL134 
TIL134. : RELATIVE POWER OUTPUT 
FORWARD CONDUCTION CHARACTERISTICS ORwRE CURRENT 
100 . . 1 
ee ee ee 
80 


pee he hee) 
terete ft | 


70 





8 
‘ 
‘ & 
; 
8 
°o 
60 2 
i 3 
z #0 3 
S « 
+ 3 
zi ; 
2 a. 
10 H 
5 
0 9 o. 
098 1.0 11 1.2 1.3 1.4 1.5 10 20 49 70100 200 400 1000 
VE—Forward Voltage—V \p—-Forward Current—~mA 
FIGURE 3 FIGURE 4 
: TIL134 TIL134 
RELATIVE PHOTON INTENSITY CHANGE IN WAVELENGTH OF PEAK INTENSITY 
vs “s 
: ANGULAR DISPLACEMENT FREE-AIR TEMPERATURE 


Relative Photon Intensity 





AXp-Wavelength Change from Value at Ta = 25°C-A 





-75 -50 -25 0 25 50 75 100 126 


6—Angular Displacement Ta—Free-Air Temperature—"C 
FIGURE 5 FIGURE 6 
- TIL135 : TIL135 


NORMALIZED LIGHT CURRENT DARK CURRENT 
vs 
vs 


ANGULAR DISPLACEMENT FREE-AIR TEMPERATURE 





5 < 
t 
G 075 i 
& 5 
a °o 
% oso 3 
3 fl 
E 2 
= 0.25 
te] 
50° 40° 30° 20° 10° 0° 10° 20° 30° 40° 50° 
@—Angular Displacement : ee Ta—Free-Air Temperature—°C 
FIGURE 7 Z FIGURE 8 


NOTE 4: These parameters were measured using pulse techniques tw = 0.04 ms, duty cycle < 10%. 
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TYPE TIL138 
SOURCE AND SENSOR ASSEMBLY 


BULLETIN NO. DL-S 11558, SEPTEMBER 1971—REVISED MARCH 1976 


OPTOELECTRONIC MODULE FOR TRANSMISSIVE SENSING APPLICATIONS 
© Compatible With Standard DTL and TTL Integrated Circuits 

© High-Speed Switching... tp = 1.5 us, tf = 1.5 us Typical 

e Designed for Base or Side Mounting 





e For Sensing Applications such as Shaft Encoders, Sector Sensors, Level Indicators, and 
Beginning-of-Tape/End-of-Tape Indicators 


mechanical data 


The assembly consists of a TIL32 gallium arsenide infrared-emitting diode and a TIL78 n-p-n silicon phototransistor 
mounted in a molded ABST plastic housing. The assembly will withstand soldering temperature with no deformation 
and device performance characteristics remain stable when operated in high-humidity conditions. Total assembly weight 
is approximately 1.5 grams. 














2,54 (0.100) 


21,59 (0.850) oo 













0,610 (0.024) 
0,457 (0.018) 
4 SQUARE LEADS 





2,54 mee 






5,16 (0.203) §,080 (0.200) 
5,029 (0.198) 







12,70 (0.500) 











3,099 (0.122) 


2,997 (0.118) 3,18 (0.125) 





8,48 (0.333) 





8,46 (0.333) 





10,16 (0.400) 
26, 1.060) 
26,41 (1.040) 


NOTES: a. All dimensions are in millimeters and parenthetically in inches. 
b. Tolerance is 0,13 mm (0.005 inch) unless otherwise noted. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Source Reverse Voltage .. . is (RIS res cote I Ta a ee ae ie eel a ae ak HA 
Source Continuous Forward Current (See Note 4) Dg al Or Gers Te eo th we A ee A ea de ee in ee ats, “AOA 
Sensor Collector-Emitter Voltage. ww wk we ee ee ee ee ee ee ee we 6BOV 
Sensor Emitter-Collector Voltage . . fo vige se Ge SD Oa ae Sey 7V 
Sensor Continuous Dissipation at (or balbwh 25° c Brae: Air enivaratuia (See Note 2) wee ee ew ee ee BOMW 
Storage Temperature Range .. . Ce ee ee ee es) 640°C 10 85°C 


(ead Temperature-1.6mm (1/i6.Inch} froth ‘Astembly tor 8 Seconds. wh tes ig te tt Mie le es Pn GS de 2 240°C 


NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°c. 
2. Derate linearly to 80°C free-air temperature at the rate of 0.91 mw/°c. 
tags thermoplastics are derived from acrylonitrile, butadiene and styrene. 
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TYPE TIL138 
SOURCE AND SENSOR ASSEMBLY . 





electrical characteristics at 25°C free-air temperature 


ViBRICEO Collector-Emitter Breakdown Voltage Ic =100nA, Ip =0 
ViBR)JECO Emitter-Collector Breakdown Voltage Ile =100KHA, Ip =0 


ICloff Off-State Collector Current Vce=30V, Ip =0 


VcE=0.5V, Ip =15mA 


IC(on) On-State Collector Current VcE=05V, Ip=35mA 


VE Input-Diode Static Forward Voltage 


switching characteristics at 25°C free-air temperature 


tStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being 
measured approaches a value which cannot be altered by further irradiation shielding. : 

















Vcc =30V, Ic(on) = 500 HA, 
RL =1k2, See Figure 1 














PARAMETER MEASUREMENT INFORMATION 


















ADJUST AMPLITUDE 
OF INPUT PULSE FOR INPUT 
200 2 I = 500 vA ie) 
C(on) | ts | Ke 
INPUT } ee | fo ty-o 
OUTPUT tg le 
= iit | oureur 
RL =1k2 
Vec =30V —- NOTE: The input pulse is supplied by a generator having the 
following characteristics: Zoy, = 50 0, ty < 100 ns, 
: t¢ < 100 ns, duty cycle ~ 50%. 
TEST CIRCUIT ; VOLTAGE WAVEFORMS 
FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 
PHOTOTRANSISTOR COLLECTOR CURRENT PHOTOTRANSISTOR COLLECTOR CURRENT 
vs . vs 
INPUT-DIODE FORWARD CURRENT : io INPUT-DIODE FORWARD CURRENT 
t 
a 
< 5 
J 3 
5 5 
5 
3 5 
x) 2 
3) é 
| S 
2 3 
2 
a 
| 
oS 
1 2 4 10 20 «40 100 
VcE—Collector-Emitter Voltage—V IF—Input-Diode Forward Current—mA 
FIGURE 2 ; FIGURE 3° 
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TYPE TIL139 
SOURCE AND SENSOR ASSEMBLY 


BULLETIN NO. DL-S 11559, SEPTEMBER 1971—REVISED MARCH 1976 





OPTOELECTRONIC MODULE FOR REFLECTIVE SENSING APPLICATIONS 


e Adaptable for Printed Circuit Board Mounting 


e Designed for Sensing Applications such as Line Finders, Batch Counters, Level Indicators, and 
Beginning-of-Tape/End-of-Tape Indicators 


mechanical data 


The assembly consists of a TIL32 gallium arsenide infrared-emitting diode and a TIL78 n-p-n silicon phototransistor 
mounted in a molded ABS? plastic housing. The assembly will withstand soldering temperature with no deformation 
and device performance characteristics remain stable when operated in high-humidity conditions. Total assembly weight 
is approximately 1.2 grams. 


18,04 (0.710) 
17,52 (0.690) 
9,53(0.375) 


0,610 (0.024) Ri 
0457 10.078) SQUARE 


2,80 {0.110) 2,80 (0,110) 
2,28 (0.090) 


§,08 (0.200) 


NOTES: a. All dimensions are in millimeters and parenthetically in inches, 
b, Dimension tolerance is + 0,13 mm (0.005 inch) unless otherwise noted. 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Source Reverse Voltage ... bo he ies aie oS. eae 45S got Bo ae a ers. hos, lak ote, 7 IV 
Source Continuous Forward Current (See Note 4) oe ete: auc wo Bao. bee tink HS A we Sot at ae 4O0A, 
Sensor Collector- Emitter Voltage?) tS be ei ie ws iti” Ao hh Oe a ee Bod, OA is eel ae. H BONY 
Sensor Emitter-Collector Voltage .. . di pies FON HS Th Me, Chl REA Van DP Ge te ae ge ate eats ee Gas ee FERN, 
. Sensor Continuous Dissipation at (or ssigwy: ; 

25°C Free-Air Temperature (See Note2) . 2... 2. fe ee ee ee ee ee ee) «SOW 
Storage Temperature Range e & oe ee we we 7 40°C to 85°C 
Lead Temperature 1.6 mm (1/16 Inch) iach fiori Accembly fee 5 Seconds aide the ote Be Reey is ese a. SAG 


NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 maA/c. 
2. Derate linearly to 80°C free-air temperature at the rate of 0.91 mw/?c. 
t ABS thermoplastics are derived from acrylonitrile, butadiene, and styrene. 
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TYPE TIL139 
SOURCE AND SENSOR ASSEMBLY 





electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITItONSt MIN TYP MAX] UNIT 
ViBR)JCEO Collector-Emitter Breakdown Voltage Ic=100KHA, Ip =0 


VipR)ECO Emitter-Collector Breakdown Voltage e=100uHA, IF =0 7 Ra i 


ICloff) Off-State Collector Current VcE=30V, Ip=0 


VceE=5V, Ip =40mA, See Note3 
Vce=5V, Ip =40mA, See Note 4 LA 
Vv =5V, te =40mA, See Note 5 100 1100 


Ig =40 mA 


tStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being 
measured approaches a value which cannot be altered by further irradiation shielding. 
NOTES: 3. Reflective surface is Eastman Kodak (or equivalent) neutral white paper with 90% diffuse reflectance placed 3,81 mm (0,150 inch) 
from read head. 
4. Reflective surface is Mylart (or equivalent) magnetic tape placed 3,81 mm (0.150 inch) from read head. 
5. Reflective surface is aluminum foil typical of beginning-of-tape/end-of-tape strips. It is 0,026 mm (0.001 inch) thick and placed 
3,81 mm (0.150 inch) from read head. 
tTrademark of E. 1, duPont de Nemours, Inc. 
















< 













Icon) On-State Collector Current 








| 


Input-Diode Static Forward Voltage 





Vv 
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TYPES TIL141, TIL142 
12-CHANNEL INTEGRATED OPTICAL READERS 


BULLETIN NO. DL-S 12381, NOVEMBER 1974 





e Center-to-Center Channel Spacing of 2,77 mm (0.109 Inch), Except 
6,35 mm (0.250 Inch) Between Channels 6 and 7, to be Compatible with 
Paper Tape Vertical-Format Unit Requirements For Line Printers 


e Spectrally Matched, Hermetically Sealed Sensors and Emitters Similar 
to T!1L604 and TIL23 with a Proven Reliability History 


e Proprietary DesignT Eliminates Aperture Holes in the Plastic Housing 
Preventing Dust Problems 


e© TTL Compatible Output—Fan-Out to 10 Standard Series 54/74 Loads 


e Design Goal of 100,000 Hours Operation through Component Selection 
and Production Testing of Internal Nodes 


e Printed-Board Construction Allows Precise Alignment of Emitters and Sensors 


description functional diagram 


The TIL141 and TIL142 are 12-channel integrated 
optical readers for paper tape such as Burroughs 
10020717, IBM 429754, or the equivalent. Each snaia 
consists of 12 TIL23 infrared-emitting diodes 
(IRED’s), 12 T!L604 phototransistors, two SN7414 
hex Schmitt-trigger inverters, and the appropriate 
load resistors. Metal-film resistors are used to ensure 
maximum stability. The T!IL141 has 177,8-mm 


Vec Vcc 


‘14 “a 


th 
Hamsmaracdng 


[et ond foot onde | 





(7-inch) wire leads for soldering directly into the 
circuit. The TIL142 has a plug-in connector. 


“a 


Each infrared-emitting diode transmits through the 
open-air gap of the tape slot to a phototransistor that 
drives one of the Schmitt-trigger inverters. An 
obstruction (transmissivity <15%) in the gap between 
an IRED and its phototransistor will cause a high 
output while a clear gap will cause a low output. Data 
holes in the tape should have a minimum width of 
1,52 mm (0.060 inch). 
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TYPES TILI41, TIL142 
12-CHANNEL INTEGRATED OPTICAL READERS 





mechanical data 


The plastic housing is soluble in chlorinated hydrocarbons and ketones. Methanol or isopropanol are ‘recommended as 
cleaning agents. Device performance characteristics remain stable when operated under high-humidity conditions. 


: 59 (1.796) T.P. 
PLUG BODY {TIL142 ONLY) 635 
WINCHESTER ELECTRONICS (0.250) 4.06 10.300) DIA 
(OAKVILLE, CONNECTICUTT) CHANNELS “7p, CHANNELS 


PART NO. MRAC 26P (OR EQUIVALENT} 
. 1211109 8 7.1.6 64321. o77109) TP. 
10 PLACES 
(See Note b) 


1,27 ¢ 0,38 
{0.050 + 0.015) 


TERMINALS (TIL142 ONLY) 
WINCHESTER ELECTRONICS 
(OAKVILLE, CONNECTICUTT) 
PART NO. 100-1024P 

(OR EQUIVALENT) 


ALLEN HEAD 
SCREW 


CHANNEL 


31,75 (1.250) e 


NOTES: a. All dimensions are in millimeters and parenthetically in inches with tolerances of 
+0,13 mm (0.005 inch), 


b. Each channel centerline is located within 0,13 mm (0,005 inch) of its true position 
relative to channel 1, 


TIL142 
CONNECTOR 
FUNCTION - WIRE COLOR CODE TERMINAL 

CHANNEL 1 OUTPUT WHITE/BLACK 
CHANNEL 2 OUTPUT WHITE/BROWN 
CHANNEL 3 OUTPUT WHITE/YELLOW 
CHANNEL 4 OUTPUT WHITE/GREEN 
CHANNEL 5 OUTPUT WHITE/BLUE 
CHANNEL 6 OUTPUT WHITE/VIOLET 
CHANNEL 7 OUTPUT WHITE/GRAY 
CHANNEL 8 OUTPUT WHITE/BLACK/BROWN 
CHANNEL 9 OUTPUT WHITE/BLACK/RED 
CHANNEL 10 OUTPUT WHITE/BLACK/ORANGE 
CHANNEL 11 OUTPUT WHITE/BLACK/YELLOW 
CHANNEL 120UTPUT | WHITE/BLACK/GREEN 
SUPPLY VOLTAGE, Vcc WHITE/ORANGE 

EMITTERS 1-6 

PHOTOTRANSISTORS 7-12 
SUPPLY VOLTAGE, Vcc RED 

EMITTERS 7-12 

PHOTOTRANSISTORS 1-6 
GROUND BROWN 

EMITTERS 1-6 

PHOTOTRANSISTORS 7-12 
GROUND BLACK 

EMITTERS 7-12 

PHOTOTRANSISTORS 1-6 


S2ernxcxrmmoow>y 


Oo Q 
Oo i?) 


x 


VIEW IS FROM 
PIN SIDE OF 
PLUG 
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_ TYPES TILI41, TIL142 
12-CHANNEL INTEGRATED OPTICAL READERS 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Supply Voltage Range, Vcc (See Note 1) —0.5Vto7V 
Operating Free-Air Temperature Range as pp eae dee ke 0°C to 70°C 
Storage Temperature Range. www ee ee ee ee) 665°C to 100°C 


NOTE 1: Voltage values are with respect to both ground terminals connected together. 


recommended operating conditions 


MIN NOM MAX UNIT 


Supply Voltage, Vcc. . 4.75 5 5.25 V 


High-Level Output Current, IoH bs Tad, ee Rie ee at Pa en ar cath ee a i be fer ders -—800 wA 
Low-Level Output Current, Io : el es gt ee SP at A a oboe we eS 16 mA 
Operating Free-Air Temperature, TA... 1. 2 we ee ee 0. 70 °C 


electrical characteristics at 25°C free-air temperature 





Von High-level Ouput Vorage ——SSCS~C~*~S~S CATV, IQ = —BODMA 24 84 
ios ShortCircuit Output Current? ———S~S~S Vc = 8 C«d TC 
ere 


: Vcc =5V, Data Rate < 10 kHz, 
Average Per Channel 
50% Duty Cycle 










'cc Supply Current 





tNot more than one output should be shorted at a time. : 
+ Alt typical vatues are at Vecz5V. 
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TYPES TIL143, TIL144 
SOURCE AND SENSOR ASSEMBLIES 


BULLETIN NO. OL-S 12223, NOVEMBER 1974—REVISED MARCH 1976 


. OPTOELECTRONIC ENCODER ASSEMBLIES FOR 
TRANSMISSIVE SENSING APPLICATIONS 


© Compatible With Standard DTL and TTL Integrated Circuits 
e High-Speed Switching... try =5 us, tf = Sus Typical 


e For Counting, Speed Control, Position Sensing, Beginning-of-Tape/End-of-Tape Sensing, 
and High-Voltage Isolation 


e Designed for Base Mounting—Standard 7,6 mm (0.300-Inch) Dual-In-Line Pin Spacing 
e PC Board or Bracket Mounting 
® Contains Gallium Arsenide Infrared Emitter and Silicon Phototransistor 
e Designed to be een with Monsanto MCT8 and MCT81 
mechanical data 







Each assembly consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted in a 
housing made of 40% glass-filled polyphenylene sulphide plastic. The assembly will withstand soldering temperature 
with no deformation and device performance characteristics remain stable when operated in es humidity conditions. 
Total assembly weight is approximately 1.5 grams. 


1—-ANODE 4-COLLECTOR 


1,27 (0.050) 254 
SQUARE 8,89 (0.350) 1g. 199) 


optical , ~~ 
WINDOW “a 
2 PLACES 


2-CATHODE 3-EMITTER 
3,18 (0.125) 12,7 (0 _2705)_| 
ke 10,80 


MIN 
(0.425) 
SECTION AA 3,18 (0.125) 
3,18 (0.125) 2 PLACES 
2 PLACES 


8,89 (0.350) 
4 PLACES 


aA 7.8220,38 19,05 + 0,13 
(0.300 + 0.015) (0.750 + 0.005) 


25,4 (1.000) 


5,08 (0.200) 0,508 + 0,076 
2 PLACES {0.020 + 0.003) 


4 SQUARE LEADS 3,18 (0.125) 
4,45 (0.175 
6,35 (0. a boeed 6,35 (0.250) | mr ; a 


2 PLACES SEATING PLANE 


NOTES: a. All dimensions are in millimeters and parenthetically in inches. 


b. Tolerance is t 0,26 mm (0,010 inch) unless otherwise noted, 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Source Reverse Voltage .. . So has he ah wah es, ea Shed GP ae Ais a A 4 Se 3V 
Source Continuous Forward Correrii (See Note 1) bs Beeler Mend shiek hearers ® Gomes a cae ie oe “SOMA 
Source Peak Forward Current (See Note 2) Bee as sb et Ry GEA Rey ce Ge we Nae a SD at Ee ee 3A 
Sensor Collector-Emitter Voltage 2. 6. 1 ww ke ee ee ee ee ee et ee ee eee 68OV 
Sensor Emitter-Collector Voltage . . bY at wee a! oe eae 5V 
Sensor Continuous Dissipation at {or below 25° c Free- Air Temperatura ‘(See Note 3). toe ee ee we ee 100 mW 
Source-to-Sensor Voltage . 2. 1. 6 ee ee ee ee £4.5 kV 
Storage Temperature Range 8 Phe Be Nea eae Aa Yaoi a "65° C to 100°C 
Lead Temperature 1,6 mm (1/16 tach) ee Aeeibly fot 5 Stands eS ats pean he di cole ete So ek de ae SOU 


NOTES: 1. Derate linearly to 100°C free-air temperature at the rate of 0.8 mA/c. 
2. This value applies for ty, < 1 us, PRR < 300 pps. 
3. Derate linearly to 100°C free-air temperature at the rate of 1.33 mW/°C. 





778 
TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





177 


TYPES TIL143, TIL144 
SOURCE AND SENSOR ASSEMBLIES 





electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt La TiLta4 UNIT 
; MIN TYP MAX] MIN. TYP MAX 


ViBRIcEO Collector-Emitter Breakdown Voltage |!c = 100uA, Ip =0 | 30. 
ViBRIECO Emitter-Collector Breakdown Voltage [IE =100HA, Ir=O | 5 | 








'Cloff) Off-State Collector Current VcE=10V, Ip=0 


!C(on) On-State Collector Current VceE=10V, Ip =20mA 
Ve Input-Diode Static Forward Voltage Ip =50mA . 






1.35 1.7 1.36 1.7 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONST MIN TYP MAX] U 
SCENT y Se al 


tStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achteved when the parameter being 
measured approaches a value that cannot be altered by further irradiation shielding. 






= 
4 








PARAMETER MEASUREMENT INFORMATION 


200 2 
INPUT OUTPUT 
se 
“a 
Rx, = 100 2 
Voc =10V = 
TEST CIRCUIT 
ADJUST AMPLITUDE 
OF INPUT PULSE FOR 
IC(on) = TMA 
| INPUT 
0 
alte be tym 





OUTPUT 


NOTE: The input pulse is supplied by a generator having the 
following characteristics: Zoy~=502, ty <100ns, 
t¢ © 100 ns, ty, = 10 us, duty cycle ~ 2%. 


VOLTAGE WAVEFORMS 


FIGURE 1—SWITCHING TIMES 
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TYPES TILI45, TILI4G 
SOURCE AND DARLINGTON SENSOR ASSEMBLIES 


BULLETIN NO. OL-S 12222, NOVEMBER 1974—REVISED MARCH 1976 





HIGH-GAIN OPTOELECTRONIC ENCODER ASSEMBLIES FOR 
TRANSMISSIVE SENSING APPLICATIONS 


¢ Compatible With Standard DTL and TTL Integrated Circuits 
High Current Transfer Ratio... 0.125 Min (TIL145) 


For Counting, Speed Control, Position Sensing, Beginning-of-Tape/End-of-Tape Sensing, 
and High-Voltage !solation 


Designed for Base Mounting—Standard 7,6 mm (0.300-Inch) Dual-In-Line Pin Spacing 
PC Board or Bracket Mounting 

Contains Gallium Arsenide Infrared Emitter and Silicon Darlington Phototransistor 
Designed to be Interchangeable with Monsanto MCA8 and MCA81 


mechanical data 


Each assembly consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon darlington phototransistor 
mounted in a housing made of 40% glass-filled polyphenylene sulphide plastic. The assembly will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when Operated | in high-humidity 
conditions. Total assembly weight is approximately 1.5 grams. 


1,27 (0.050) 8,89 (0.360) 2.54 1-ANODE 4-COLLECTOR 
SQUARE (0.100) 

optical 4 _\ 

WINDOW 

2 PLACES 


2-CATHODE 3-EMITTER 


3,18 (0.125) 


3,18 (0.125) 2 PLACES 


2 PLACES 


8,89 (0.350) 
4 PLACES 


+n 7.62 40,38 19,05 + 0,13 
= (0.300 + 0.015) (0.750 + 0.005) 


5,08 (0.200) 0,508 + 0,076 
2 PLACES (0.020 + 0.003) 


4 SQUARE LEADS 3,18 (0.125) DIA 
4,45 (0.175) ES 
6,35 rae 6,35 (0.250) | ‘ ; enol 


2 PLACES SEATING PLANE 


NOTES: a. All dimensions are in millimeters and parenthetically in inches, 
b. Tolerance is 0,26 mm (0.010 inch) unless otherwise noted. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Source Reverse Voltage... Se ee ka ae He OTB Eh es BOE eee Ee On 
Source Continuous Forward Current (See Note 4) ay ie ite eh et, We ACs! ee ea a) Ge at ae ae eo Tay 50m 
Source Peak Forward Current (See Note 2) de Baas, An. Satie ate Hoe arouse me, 2) Gb way Sea ce,” SrA 
Sensor Collector-Emitter Voltage. 6. ww ee ee ee ee ee ee BON 
Sensor Emitter-Collector Voltage . . ie MT, Ai cartes See CO Bu, 5V 
Sensor Continuous Dissipation at (or below 25° c cies Air Temperature (See Note 3) woe ee ee ew ee 100 mW 
Source-to-Sensor Voltage 2. 6 1 ww ee ee ee ee ee ee ee EABKV 
‘Storage Temperature Range GA 26 Ce ee we ee we ee) ~6 65°C to 100°C 
Lead Temperature 1,6 mm (1/16 Inch) Geni Aetinkiy £65 5 Secoiids sets aig Mead eh ES me ae GOSS 


NOTES: 1. Derate linearly to 100°C free-air temperature at the rate of 0.8 mALC. 
2. This value applies for ty, < 1 ws, PRR < 300 pps. 
3. Derate linearly to 100°C free-air temperature at the rate of 1.33 mw/°c. 
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TYPES TIL145, TIL146 
SOURCE AND DARLINGTON SENSOR ASSEMBLIES 









electrical characteristics at 25°C free-air temperature 
TIL145 TIL146 


PARAMETER TEST CONDITIONSt UNIT 
MIN TYP MAX |MIN TYP MAX 


V(BR)CEO Collector-Emitter Breakdown Voltage | Ic = 100uA, If =0 
ViBR)ECO Emitter-Collector Breakdown Voltage | 1 =100uA, Ip =0 a 
ICloff) Off-State Collector Current VcE=5V, Ip =O |S 100 | si | 















VcE=1V Ip =16mMA 


VceE=1V IF =50mA 


Ve Input-Diode Static Forward Voltage Ip =50mA 


mA 


!C(on) On-State Collector Current 





1.35 1.7 1.36 1.7 





switching characteristics at 25°C free-air temperature 


PARAMETER TESTCONDITIONSt | MIN TYP MAX|UNIT 
Vee=5V, Icfon)=500HA,| | 
tf Fall Time RL=1kQ, SeeFiguet | 25 | ms | 


tStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being 
measured approaches a value that cannot be altered by further irradiation shielding. : 


PARAMETER MEASUREMENT INFORMATION 











200 2 
OUTPUT 
INPUT 


RL =1k2 





TEST CIRCUIT 


ADJUST AMPLITUDE 
OF INPUT PULSE FOR 
IC(on) = 500 uA 


| | INPUT 
0 





OUTPUT 


NOTE: The input pulse is supplied by a generator having the 
following characteristics: Zout = 502, tp < 10 us, 
ty S10 Us, ty, = 10 ms, duty cycle ~ 50%. 


VOLTAGE WAVEFORMS 


FIGURE 1—SWITCHING TIMES 
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TYPES TIL147, TIL148 
SOURCE AND SENSOR ASSEWBLIES 


BULLETIN NO. DL-S 12227, NOVEMBER 1974 





OPTOELECTRONIC ASSEMBLIES FOR TRANSMISSIVE SENSING APPLICATIONS | 
e Compatible with Standard DTL and TTL Integrated Circuits 
e High-Speed Switching: ty = 5 us, tf = 5 us Typical 
e Designed for Base Mounting... Fits Standard Dual-In-Line-Package Socket 


e For Sensing Applications such as Shaft Encoders, Sector Sensors, Level 
Indicators, and Beginning-of-Tape/End-of-Tape Indicators 


e Hermetically Sealed Phototransistor and Infrared-Emitting Diode 
e@ 0,63-mm (0.025-inch) Aperture Slit Provides High On/Off Resolution 
© High Current Transfer Ratio ...0.2 Min (T1L147) 

mechanical data 


Each assembly consists of a gallium arsenide infrared-emitting diode of the TIL23 family and an n-p-n silicon 
phototransistor of the TIL601 family mounted in a housing made of 40% glass-filled polyphenylene sulphide plastic. 
The assembly will withstand soldering temperature with no deformation and device performance characteristics remain 
stable when operated in high-humidity conditions. Total assembly weight is approximately 1.5 grams. 


8,89 (0.350) 
| 1~ANODE 4-—COLLECTOR 
3,18 (0.125) 


EMITTER WINDOW 394 y 
1,524 + 0.076 2 

(0.060 + 0.003) 

SENSOR WINDOW 


IS RECTANGULAR 35 (0. oz) 2-CATHODE 3—EMITTER 
0,635 X 1, 524 + 0,076 | Lees 
(0.025 X 6.060 + 0.003) 10,80 (0.425) 


si SECTION AA 2,54 (0.100) 
INDEX 1,91 (0.075) 1,91 (0.075) 


(0.100) 
2,54 (0.100) 


7,62 (0.300) 


0,508 (0.200) 
2 PLACES 


0,559 (0.022) 


| | 0,457 (0.018) 
6,35 (0.250) 4,45 (0.175) 4 LEADS 


NOTES: a. All dimensions are in millimeters and parenthetically in inches. 
b. Dimension tolerance is t 0,26 mm (0.010 inch) unless otherwise noted, 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Source Reverse Voltage ... . wore ea eee yt ited A Sinha ae. oat, SS ee a eA ee 3V 
Source Continuous Forward Current (See Note 4) wo cel we, Se) ee We Oe ae BOA a ee ws es oe ee a TOO MA 
Sensor Collector-Emitter Voltage 2... 1 1. ee ee ee ee ee ee ee ee 680M 
Sensor Emitter-Collector Voltage ... Sh Oe a Saw sae th 5V 
Sensor Continuous Dissipation at (or below) 25° cC pice: Air Témperatiirs (See Note 2) ras 1 0 10)')') 
Source-to-Sensor Voltage. ww ww . . £2kV 
Storage Temperature Range e38 Sain fee bk Bae fay Sear "40° C to 100°C 
Lead Temperature 1.6 mm (1/16 neh) inch Gam Aaanbiy a 5 Sascnds-: Sai ete ee ed See a a 260°C 


NOTES: 1. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA?C. 
2. Derate linearly to 100°C free-air temperature at the rate of 0.67 mw/c. 
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TYPES TIL147, TIL148 
SOURCE AND SENSOR ASSEMBLIES 





electrical characteristics at 25°C free-air temperature 


1L147 1.148 
PARAMETER TEST CONDITIONST : T UNIT 



















ViBRICEO Collector-Emitter Breakdown Voltage | Ic = 100uA, Ip =0 ees | eee (ee 
VipR)ECO Emitter-Collector Breakdown Voltage [ie=100HA, Ip=O0 [| 6 | 
Icloff)___Off-State Collector Current [Vce=10V. te=O | too | 10 | 
Ic(on)__On-State Collector Current Vee=SV, Ip=20mat 4 fm 
Ve Input-Diode Static Forward Voltage Pewee de fe Vv 





switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt MIN TYP  MAX| UNIT 
Vec=10V, Icfon)=1mA, RL= 1009, | 58s 
ae eee 





tf Fall Time See Figure 1 





tStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being 
measured approaches a value which cannot be altered by further irradiation shielding. 





PARAMETER MEASUREMENT INFORMATION 


200 2 


INPUT OUTPUT 


RL=100 2 


Veco =10V > 


TEST CIRCUIT 


ADJUST AMPLITUDE 
OF INPUT PULSE FOR 
IC(on) = 1 mA 


| INPUT 
0 





OUTPUT 


NOTE: The input pulse is supplied by a generator having the 
following characteristics: Zoy~2502, tt, <100ns, 
t¢ © 100 ns, ty, = 10 us, duty cycle = 2%. 


VOLTAGE WAVEFORMS 


FIGURE 1—SWITCHING TIMES 
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TYPE TIL149 
SOURCE AND SENSOR ASSEMBLY 


BULLETIN NO. DL-S 12385, MARCH 1976—REVISED MARCH 1976 





OPTOELECTRONIC MODULE FOR REFLECTIVE SENSING APPLICATIONS 
e Adaptable for Printed Circuit Board Mounting 


e Designed for Sensing Applications such as Line Finders, Batch Counters, Level Indicators, and 
Beginning-of-Tape/End-of-Tape Indicators 


mechanical data 


The assembly consists of a TIL32 gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor similar 
to TIL78 mounted in a molded ABS? plastic housing. The assembly will withstand soldering temperature with no 
deformation and device performance characteristics remain stable when operated in high-humidity conditions. Total 
assembly weight is approximately 0.9 grams. 


17,78 (0.700) 
12,29 (0.484) 
= 9,53 (0.375) 


2.11 (0.083) NOM 
2 PLACES 


3,8 (0.160) 


0,610 (0,024) 
0,457 (0.018) 
12,7 (0.500) 4 SQUARE LEADS 
(MIN) 


2,80 (0.110) _ ry : 


2,28 (0.090) 1,27 (0.050) 
_ 2PLACES 3,81 (0.150) MIN 
2 PLACES 
@ 
NOTES: a. All dimensions are in millimeters and parenthetically in inches. 
b. Tolerance is 0,013 mm (0.005 inch) unless otherwise noted. 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Source Reverse Voltage i ox bp fs, Bega hl whe a Bl te i Bee Bw ee cat a ee ke ew a TEM 
Source Continuous Forward Curient (See Note 1) Be See GS en te ee ae Ss we os > AOA 
Sensor Collector-Emitter Voltage =. ww ww we ee ee ee ee ee ee ee ee ee ew ee) 68OVM 
Sensor Emitter-Collector Voltage . . it home Sa ee wa ce AEN 
Sensor Continuous Dissipation at (or below) 25° c Free: ‘Air Tamperature (See Note 2) Beier “Gs ce oe . . 5OmwW 
Storage Temperature Range a sec me Goo Sn ey “eget oe tee BO 40° C to 85°C 
Lead Temperature 1.6 mm (1/16 Inch) tae fiat Assenbly for 5 Second i 24 Gore eka Seren ZAC 


NOTES: 1. Derate linearly to 80” C free-air temperature at the rate of 0.73 mA/°C. 
2. Oerate linearly to 80°C free-air temperature at the rate of 0.91 mw/°C. 
tass thermoplastics are derived from acrylonitrile, butadiene, and styrene. 
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TYPE TIL149 | 
SOURCE AND SENSOR ASSEMBLY 





electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt MIN TYP MAX |UNIT| 


VIBRICEO Collector-Emitter Breakdown Voltage Io =100 uA, Ip =0 


tle = 0 7 
ICloff) Off-State Collector Current VceE=15V, Ip 20 
!Clon) On-State Collector Current : VceE™5V, Ip=40mA, See Note 3 25 276 





ViBRJECO Emitter-Collector Breakdown Voltage le = 100 HA, ee aoe 


tStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being 


measured approaches a value that cannot be altered by further irradiation shielding. 


NOTE 3: Reflective surface Is aluminum foil typical of beginning-of-tape/end-of-tape strips. It is 0,026 mm (0.001 inch) thick and placed 


3,81 mm (0,150 inch) from the read head. 
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OPTOELECTRONIC READ HEAD FOR PUNCHED CARDS AND TAPE 





OPTOELECTRONIC READ HEAD FOR 
PUNCHED CARDS AND TAPE 


Winston Veazey 


Because optical punched-tape readers employing filament 
lamps are faster, quieter, smaller, less complex, and have 
fewer moving parts than older mechanical readers, optical 
systems have dominated the reader market since shortly 
after their introduction. While these optical systems per- 
form relatively well, they still have disadvantages stemming 
mainly from filament aging. A better system, one elimi- 
nating filament-related problems and offering several other 
advantages, is a completely solid-state read head. Recent 
advances in optoelectronics technology have made such a 
read head technically and economically feasible. This report 
discusses the design, advantages and applications of a 
completely solid-state head comprised of Texas Instruments 
infrared-emitting diodes (IRED’s) and phototransistors. 


INTERFACE WITH PERIPHERAL EQUIPMENT 


The solid-state read head presents no problem 
interfacing with peripheral equipment. Standard size tapes 
are employed allowing continued use of existing tape 
equipment and software. Data outputs can be either serial 
or parallel and will depend on the associated electronics. 
The output levels will be determined by the channel 
amplifiers. Present-day IRED’s are compatible with DTL, 
TTL, and MOS integrated circuits and discrete systems. 
Appropriate circuits allow compatibility with telephone 
levels where necessary. Other interface circuits can include 
TI series SN75107-SN75110 line drivers and receivers. 
Where electrical isolation is needed, TI series TIL107/ 
TIL108 opto-couplers are suitable. System noise, primarily 
noise caused from circulating ground currents, is eliminated 
with use of the opto-couplers. These devices are also TTL 
compatible. , 


COMPARISON WITH FILAMENT LAMPS 


Solid-state infrared emitters have several important 
advantages over filament lamps used in read heads. One of 
the most important factors is increased reliability—the 
IRED’s lifetime should be many times the life of the best 
filament lamp. In addition to the probable lifetime advan- 
tage, IRED’s eliminate problems related to the filament as 


the lamp ages, such as filament sag. When the filament sags, 
light focuses incorrectly on the tape or card holes and 
consequently, errors in reading occur, Several methods have 
been used to try to overcome this disadvantage. One 
method has been to use the Jamp at a very high intensity. 
This increased intensity produces enough light on the 
sensors and tends to minimize the effects of the sagging 
filament, but it results in shorter lamp life and difficulty in 
adjusting the threshold level for low-opacity tapes and 
cards. Another effort to solve the problem has been to use 
spring tension on the filament. This type of lamp incorpo- 
rating spring tension is expensive and mechanical resonance 
problems sometimes occur. By using IRED’s, the problems 
associated with filaments can be eliminated and this appears 
to be one of the most desirable benefits of an all-solid-state 


read head. 
Because IRED’s are much more vibration resistant 


than filament lamps, they have stability over a wide range 
of environmental conditions which is another advantage 
IRED’s have compared to filament lamps. The TIL23/ 
TIL24 emitters have temperature characteristics which are 
opposite to those of the LS600/TIL601 sensors, and 
consequently, when used as a pair, the TIL23/LS600 
devices give stable outputs over a wide temperature range. 
Table 1 shows a comparison between tungsten lamps and 
IRED’s when used with a phototransistor sensor. It shows 
variation in output current of the phototransistor as a 
function of several parameters and illustrates the superior 
overall stability of IRED’s compared to the stability of 
tungsten-filament lamps. This stability results in much 
easier adjustment of the circuit and much more stable 
Operating conditions. : 

IRED’s require much lower power than the filament 
lamp resulting in much less heat dissipation in the. head. 
Some filament lamps require as much as 15 watts of power 
as compared to less than 1/2 watt for nine IRED’s. Because 
most of this power is dissipated as heat in the system, poor 
efficiency results. Since the required power is low, a 
relatively simple current driver/regulator can be utilized, 
with the necessary components in the driver being small 
and of low power. A discussion of the required circuitry 


_ appears later in this report. 
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Table 1. Comparison Between Tungsten Lamps and 
Infrared-Emitting Diodes, Showing Variation in Output 
Current of Phototransistor 


Tungsten 
Spread Due To Lamp 


Temperature 0—75°C 







Supply voltage +5% 
Aging 10,000 hours 





Close match 


The small size of IRED’s is another advantage. 
Because of its small size, the emitter can be placed in close 
proximity to the sensors, thus reducing the effect of any 
extraneous light which could cause reading errors. The 
LS600 phototransistors and TIL23/24 infrared emitters are 
in packages suitable for mounting on printed circuit boards. 
This packaging permits easy mounting on printed circuit 
boards. Moreover, the physical compatibility eliminates any 
need for fiber optics, focus rods, or external lens to focus 
the radiant energy on the sensors. In addition, there is no 
need for amplifier compensation, which is often necessary 
when the infrared source is shorter than the tape or card 
width. The optical compatibility is illustrated in Figure 1. 
This graph shows the spectrum response of tungsten 
filament lamps, GaAs IRED’s, Si sensors, and the human 
eye. GaAs emitters emit in the near-infrared region, their 
peak output wavelength being very near that of Si sensors 
(phototransistors) resulting in efficient coupling between 
the devices. 
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FIGURE 1, Relative Spectral Characteristics 


PHYSICAL CHARACTERISTICS 


In the design of an optical solid-state read head, the 
mechanical configuration is’ very important. The sensor 
output, hence circuit requirements, are heavily dependent 
on the optical coupling characteristics. Representative 
coupling characteristics for TIL24 and LS600 devices are 


‘shown in Figure 2. This chart indicates that typical 


TIL24/LS600 device pairs are available which have outputs 
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FIGURE 2. TIL24/LS600 Coupled Pairs. Expected 
Output Current for 50 mA Input Current. 


of 2 mA at a lens-to-lens spacing of 1/4 inch, These output 
levels are high enough to allow versatility in the amplifier/ 
interface. Since the mechanical aspects of the system 
influence electrical. output, much consideration should be 
given to the mechanical design. An important criterion 


‘ related to electrical output is the system’s contrast ratio. 


The contrast ratio is the ratio of “hole” output current to 
“no-hole” output current of the phototransistor. For a 
good electrical design, this ratio should be as high as 
possible. Current ratios of 50:1 should make the required 
circuit design relatively simple. On the other hand, a low 
contrast ratio provides only a narrow range for the 
threshold level, making circuit design more difficult. 
Among the factors that affect the current ratio are 1) IRED 
and sensor parameters, 2) lens-to-lens spacing of the 
IRED’s and sensors, 3) placement of the tape or card 
between device pairs, 4) use of an aperture plate between 
pairs of devices, 5) tape opacity, and 6) optical crosstalk 
between channels. These factors are interrelated and will 
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affect current ratios. Each individual application will, to a 
certain extent, dictate some of the above factors. To get 
optimum results, use of device pairs rendering adequate 
output currents, an opaque aperature plate, high-opacity 
tape, and a tube for each channel to prevent optical 
crosstalk are desired. Using an opaque aperture plate 
between the IRED’s and phototransistors is probably the 
single most important factor in obtaining high contrast 
ratios for low-opacity tapes. Contrast ratios versus IRED 
current for various types of tape with several lens-to-lens 
spacings are shown in Figure 3. The data was taken using an 
aperture plate with holes of 0.035-inch diameter and having 
a separate tube for each channel to eliminate crosstalk, It is 
apparent that the oiled paper tapes are least desirable from 
a current ratio standpoint. This is to be expected since oiled 
paper tapes are the least opaque of the tapes commonly 


used in the industry. The graphs indicate that it is possible. 


to obtain contrast ratios of 50:1 or greater for oiled-paper 
tapes when using an aperture plate. 

Good performance should result if the mechanical 
design insures adequate coupling when the tape or card is to 
be read. This involves the relative physical alignment 
concerning the IRED’s, sensors, aperture plate, and the tape 
or card being read, 


CIRCUIT REQUIREMENTS 


The many different tape and card reader applications 
can dictate various circuit requirements because of some 
specific mechanical or electrical restraint. It would be 
difficult, if not impossible, to try to design a circuit that 
would meet all requirements for all types of punched tape 
or card readers. However, some of the general problems 
that might be encountered in designing the circuitry 
necessary for a reader will be examined. 

Many of the factors that affect the physical config- 
uration influence the phototransistor output current that, 
in turn, determinés the channel amplifiers and related 
circuitry. The amplifiers must be capable of differentiating 
between “hole” and “no-hole” currents and producing the 
level of output necessary to interface with peripheral 
equipment. 

With sufficient sensor output currents, the devices 
can be compatible with TTL and DTL integrated circuits. 
Figure 4-a represents one method by which phototransis- 
tors can be used with TTL. The sensor must be capable of 
sinking 1.6 milliamps at 0.8 volts to ensure a low level at 
the input of the gate, The SN7413 is a Schmitt trigger type 
of NAND gate—its output will switch when the input 
reaches a set level, regardless of the rise time of the input 
signal. The result is clean, positive, and fast switching at the 
output without any oscillations, which might otherwise 
appear at the output during the switching time. Use of the 
Schmitt trigger is desirable because typical TTL and DTL 
integrated circuits require inputs to switch in much less 
than one microsecond for clean outputs during rise and fall 
times and the switching times of typical phototransistors 
are greater than one microsecond. 
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FIGURE 3. Different Contrast Ratios of White Oiled Paper, 
Black Paper, and Metallized Mylar Tape at Various Currents 
of TIL24/LS600 Coupled Pairs 


Additional versatility can be obtained by making the 
amplifier much more. sensitive. A simple circuit for 
achieving this is shown in Figure 4-b. The additional 
transistor gives another stage of amplification, increasing 
the sensitivity by approximately the hfE of the transistor. 

For increased versatility with the use of integrated 
circuits, the system can be designed so that only one 
Schmitt trigger is necessary, that being for the strobe 
amplifier. To use this technique effectively, the aperture 
hole for the strobe channel should be smaller than the holes 


for all the other channels. This size differential allows the — 


data channel outputs to stabilize before the strobe amplifier 
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(b) = 
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FIGURE 4, Schmitt Trigger Channel Amplifiers 
+5V 

triggers. If any oscillations occur during the switching times 
of the data channel amplifiers, they will no longer be 
present when the strobe channel amplifier switches. 

Integrated circuits other than the SN7413 can be 
used for the channel amplifiers. Circuits illustrating the use 
of several different devices are shown in Figure 5. The =» 
circuit shown in Figure 5-a uses only one gate of an _—> 
SN7404 package. The sensor must be capable of sinking 
1.6 mA at 0.8 volts—if not, the SN74L04 ensures operation 
for a maximum sink current of 0.18 mA at 0.8 volts. The 
circuit in Figure 5-b makes use of a feedback resistor to 
provide faster switching—the output is inverted from that 
of Figure S-a. Figures 5-c and 5-d show circuits which can 
be used where radiant energy levels may not be sufficient to 
ensure 1.6-mA sensor current. Both have stages of gain for 
amplification before the gate. It should be noted that these = (d) 
circuits may have oscillations at the outputs during 
switching. 

Other circuits can be designed to meet necessary FIGURE 5. Other Channel Amplifiers 
requirements of channel amplifiers. Even if discrete Using Integrated Circuits 
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components are used, it is desirable to use a Schmitt trigger 
arrangement to provide clean and positive switching at a 
predictable level. 

The IRED’s can be driven from a current source or 
voltage source, either in series or parallel. The most 
desirable method will be dependent on the system. In 
general, it is simpler and more efficient to drive the IRED’s 
in series from a constant-current source. Series connection 
ensures the same current through all the IRED’s and thus 
tends to maintain a more uniform output. In addition, 
with the series connection, only two leads out of the IRED 
array are necessary. For parallel connection of IRED’s, a 
current-limiting resistor in series with each IRED must be 
used because of the difference in forward voltage drop of 
the devices. 

Figure 6 illustrates a circuit to drive the IRED’s in 
series from a constant-current source that regulates varia- 
tions in IRED voltages and supply voltage. The IRED 
current is determined by (VZ-—0.7)R1, where V7 is the 
zener voltage. The zener diode voltage will be determined 
primarily by the supply voltage and the number of IRED’s 
in series. 


+V 


_— 
—> 
| 
R2 | 
—_ 
— 
Qa 
R1 
Dz 


FIGURE 6, LED Driver/Regulator 


DESCRIPTION OF A SOLID-STATE 
READ HEAD IN AN ACTUAL APPLICATION 


An off-the-shelf punched tape reader was bought and 
modified by replacing the read head and channel amplifiers, 
The tape reader was of the optical type with a filament 
lamp and photodiodes. Nine elements of LS600 photo- 
transistors mounted on a small printed circuit board 
replaced the original photodiode array. This sensor array 
was mounted so that the phototransistor lenses were 
150 mils from the tape. Since the LS600’s and TIL24’s 
have identical packages, they were mounted on similar 
printed circuit boards. The IRED’s (TIL24’s) were placed 





150 mils from the tape resulting in a lens-to-lens spacing of 
300 mils. An aperture plate with 0.045-inch channel holes 
and 0.035-inch strobe hole was used. The IRED’s were 
driven at 10 milliamps each from the circuit shown in 
Figure 7. Because the tape reader only had +6 and +28 volts 
available, 28 volts was used. 


+28 V 


IRED1 > 


1Bk2 
—> 
IRED9 > 
2N5450 
91092 
1N758A 


FIGURE 7. IRED Driver/Regulator Used in System 


The modified reader has nine parallel outputs, one for 
each of the eight data channels, and one for the strobe 
channel. Figure 8 illustrates the schematic for the channel 
amplifiers that were used. The SN7413 Schmitt trigger 
eliminates oscillations at the output during switching. To 
set the threshold level the collector resistor and base 
resistor can be adjusted. These resistor values are partially 
dependent on the “hole” and “no-hole” currents of the 
phototransistor. It may have been desirable to use IRED’s 
and phototransistors that were matched (have outputs that 
are within a given range for a set input). This would have 
simplified the adjustment of the amplifiers by ensuring 
uniformity among the channels. Using matched devices is 
more desirable for lower contrast ratios, since the adjust- 
ment for these is more critical. Figures 3 and 4 show the 
typical contrast ratios that were achieved. 

Since the tape reader has been used in a visual display 
system that requires slow strobe rates, speed of operation 
of this reader has not been a prime consideration. 


SUMMARY 


Optical punched tape and card readers have captured 
a large share of the reader market because of their many 
advantages over the older mechanical readers. This success, 
coupled with a reduction in prices of electronic compo- 
nents, has made the all-solid-state read head economically, 
as well as technically, practical and beneficial. A read head 
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FIGURE 8. Channel Amplifier Used in System 


consisting of infrared-emitting diodes and phototransistors 
presents no problem with respect to being used with 
existing peripheral equipment. IRED’s provide several 
important advantages over filament lamps for use in read 
heads: (1) IRED’s have longer life and inherently eliminate 
the problems associated with filament sag due to aging, 
resulting in higher overall reliability. (2) IRED’s possess a 
higher degree of environmental stability, including tempera- 
ture and vibration stability. (3) IRED’s have very low 


OPTOELECTRONIC READ HEAD FOR PUNCHED CARDS AND TAPE 





power requirements, dissipating less heat and having higher 
electrical efficiency. (4) The IRED’s small size enables them 
to be placed in close proximity to the sensors, making the 
system smaller and less affected by extraneous radiation. 

Physical configuration is very important in the 
performance of the overall system. The circuit requirements 
are dependent on the coupling characteristics of the IRED’s 
and sensors. A high contrast ratio (“hole” current to “no- 
hole” current) is desirable for simplicity in the circuit 
design. The use of an aperture plate between IRED’s and 
sensors and elimination of optical crosstalk between chan- 
nels are two factors which will help in achieving a high 
contrast ratio, especially for low opacity tapes. 

Phototransistors can be compatible with integrated 
circuits. A Schmitt trigger integrated circuit (SN7413) 
allows simplicity in channel amplifier design to achieve 
clean and positive switching. A simple current source/ 
regulator will suffice to drive the IRED’s. Driving the 
IRED’s in series from a constant-current source provides 
uniformity in radiant-energy output. 

A standard optical tape reader was modified by 
replacing the read head and channel amplifiers. TIL24’s and 
LS600’s were used for the IRED’s and sensors respectively 
and a SN7413 Schmitt trigger NAND gate was used in the 
channel amplifiers. With an aperture plate, contrast ratios 
for various types of tapes ranged from 40:1 to 500,000:1. 
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QUICK REFERENCE GUIDE 
LIGHT-EMITTING DIODES 





LIGHT-EMITTING DIODES 
. QUICK REFERENCE GUIDE 


(LAMP SIZE) 
5082-4550 Yellow Diffused 
5082-4650 Red Diffused 
| feecaees | pew | omnes | 3 to 
5082-4950 Green Diffused 
| eseases | Geen | ovum | 22 oo 
08-28 





















CL-10 
(T1%) 


Direct replacements for 
Hewlett-Packard parts 






THL209A [Red | Diffused |_08 20 | 
Ti211__| Green | Diffused | 08 


E 25 
TIL212-1 ~ Yellow Diffused 0.8 20 CL-9 
TIL216-1 Red Diffused 
TIL220 Red Diffused 0.8 20 CL-10 

2.1 20 


TIL224-1 Yellow Diffused 





















TIL224-2 Yellow Diffused 6 20 
_ TIHL227-1 Yellow Clear 6 : 20 
TIL227-2 Yellow Clear 20 CL-10 














High intensity 






Diffused (T1%) 
Diffused 
Clear 


Clear 















TIL228-1 Red 
TIL228-2 Red 
TIL231-1 Red 
TIL231-2 Red 


TIL232-1 Green 
TIL234-1 
TIL234-2 
TIL236-1 


TIL236-2 


TIL261 thru eae eee a 
TIL270 pie ; 





Diffused 
Diffused 
Clear 

















One-element thru ten-element 


TIL271 thru : 
<iesa6 Ditues 0.8t 25 
TIL290 


tThe following accessories are available: panel mounting bushings TILM1 for CL-9 (T1) and TILM2 for CL-10 (11%), mounting clip and Jens 


cover TILM3 for CL-10 (T1%). 
tOutput per element. 
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TYPES 5082-4550, 5082-4555, 
5082-4650, 5082-4655, 5082-4950, 5082-4955 
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES 


BULLETIN NO. OL-S 12669, SEPTEMBER 1978 






YELLOW, RED, OR GREEN LIGHT SOURCES 


e 90-Degree Viewing Angle DEVICE ’ LENS 

e Rugged Construction ace MATERIAL 
5082-4550 Diffused yellow 

© Solid-State Reliability 6082-4555 | Bright yellow plastic 

© Compatible with DTL and TTL Circuitry eit SE Dijuned red 
5082-4655 plastic 

e Versatile Mounting in PCB, Panel, or Socket 5082-4950 Diffused green 





5082-4955 lastic 
© Replacements for Popular Hewlett-Packard 6082-4855] Briottareen, | —_ cplaee 


Devices 


mechanical data 


These devices are similar in size to lamp style T1% and may be panel mounted using mounting clip TILM2 (formerly 
TIL220MC) or clip and lens combination TILM3Y, TILM3R, or TILM3G. 


CATHODE 
8,89 (0.350) IDENTIFICATION 


8,38 (0.330) 19.0 (0.750) MIN 
1,27 (0.050) MIN 2.67 (0.105) 
CATHODE 2,41 (0.095) 
5,08 (0.200) 


4,82 (0.190) ANODE + 


0,559 (0.022) | 
2 SQUARE LEADS ———_—___— 
7,75 (0.305) | 0,457 (0.018) 
7,49 (0.295) 


6,10 (0.240) 
5,59 (0.220) 





ALL DIMENSIONS ARE IN MILLMETERS AND PARENTHETICALLY IN INCHES 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Reverse Voltage at 25°C Free-Air Temperature 2... 1... ee ee ee ee ee ee ee BV 
Continuous Forward Current at (or below) 25 C Free-Air Temperature (See Note 1) eee ew ew ew ew e)6 6 BOMA 
Operating Free-Air Temperature Range... 2... ee ee ee ee ee ee ee. — 55°C to 100°C 
Storage Temperature Range ee . -55°C to 100°C 


Lead Temperature 1,6 mm (1/16 Inch) from Case for3Seconds ........2.2..2.2.2..4. 2. . 260°C 


NOTE 1: Derate linearly to 10 mA at 100°C free-air temperature at the rate of 0.53 mA/°C. 


Copyright © 1978 by Texas Instruments Incorporated 
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electrical characteristics at 25°C free-air temperature 


PARAMETER 


ly Luminous Intensity 
Wavelength at 

Ap ne 
Peak Emission 
Half-Intensity 

OHI 
Beam Angle 

VF Forward Voltage 

; Static Reverse 

R Voltage 


TEST 
CONDITIONS 


Ip =10mA 
Ip = 20mA 
Ip =10mA 
Ip = 20mA 


Ip = 10 mA 
Ip = 20 mA 


VR=5V 


YELLOW 


5082-4550 
MIN TYP MAX 


M 


5082-4555 
IN TYP MAX 


M 


5082-4650 
IN TYP MAX 


M 


5082-4655 
IN TYP MAX 


5082-4950 5082-4955 


MIN TYP MAX |]MIN TYP MAX 





S30010 INILLINA-LHSIT JOINdSOHd WAI11V9 


"GGS-280S5 ‘099b-280G SAadAL 


GGGv-280S ‘0S6b-280S ‘SS9¥-2805 ‘059b-7805 


TYPE TIL209A 
GALLIUM ARSENIDE PHOSPHIDE LIGHT-EMITTING DIODE 


BULLETIN NO. DL-S 12024, JUNE 1973—REVISED SEPTEMBER 1978 





DESIGNED TO EMIT VISIBLE RED 
LIGHT WHEN FORWARD BIASED 


© Recommended for Application in Visual Indicators, 
Alpha-Numeric Displays, and Built-In Diagnostics 


e High Brightness with Solid-State Reliability 

e Compatible with Most TTL and DTL Circuits 

e Ideal as Fault or Trouble Indicator 

e Filled-Epoxy Lens Provides Diffused Source 

e Ideal for Socket, Printed Circuit Board, and 
1.6-mm (1/16-Inch) Panel Mounting Techniques 


mechanical data 


This device has a red molded filled-epoxy body. 


1,27 (0.050) MIN 
14,5 (0.570) MIN. Pe 
5,34 (0.210) 0,610 (0.024) 
4,82 (0.190) 0,457 (0.018) SoHane IDENTIFICATION 


2 LEADS 
CATHODE yV 
7 

| ES | 


ANODE 1,40 (0.055) 


07 (0.160) 1,14 (0.045) 


3,81 (0.150) (See Note c) | me| 4,07 (0.160) 
3,175 (0.125) 549 3,55 (0.140)! 
2,997 (0.118) -* 


(Sea Note b) 


NOTES: a, Al! dimensions are in millimeters and parenthetically in inches. 
b. This diameter Is measured 0,127 mm (0.005 inches) from the shoulder. 
c, Lead spacing is measured where the leads emerge from the package. 


absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature. 2 2. we we ee ee ee ee ee ee ee BV 
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) . . .. .. . . .40mA 
Operating Free-Air Temperature Range . . . . 1 ee ee eee ee ee ee —40°C to 100°C 
Storage Temperature Range . . 2. 1 we ee ee ee —40°C to 125°C 
Lead Temperature 1,6 mm (1/16 Inch) from Case for 5Seconds . . . . 1 ee ee eee ww ee 280°C 


operating characteristics at 25°C free-air temperature 


[iy Luminous intensity SeeNotea)———SSSC*dS 20mm OO | 
[Ve Stati Forward Voltage ———SSSSCSCSCSC~dCSSC MAC 
[in StatieRevere Curent SSCS CS 


NOTES: 1. Derate linearly to 100°C free-air temperature at the rate of 0.53 mA/°C. 
2. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on Illumination) eye-response curve. 
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TYPE TIL209A 


GALLIUM ARSENIDE PHOSPHIDE LIGHT-EMITTING DIODE 


TYPICAL CHARACTERISTICS 


RELATIVE LUMINOUS INTENSITY 


vs 
FREE-AIR TEMPERATURE 


RELATIVE SPECTRAL CHARACTERISTICS 


Constant 


Ip = 
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FIGURE 2 
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Ve—Forward Voltage—V 


\——Forward Current—mA 


FIGURE 4 


FIGURE 3 


NOTE 2: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 


Illumination) eye-response curve. 
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TYPES TIL212, TIL216, TIL232 
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES 


BULLETIN NO. DL-S 12651, OCTOBER 1978 





YELLOW, RED, OR GREEN HIGH-INTENSITY LIGHT SOURCES 


DEVICE DESCRIPTION 
Yellow source 

TIL212 . : 
Diffused yellow plastic body 

TIL216 fied source 
Diffused red plastic body 
Green source 

TIL232 : 
Diffused green plastic body 






Good Viewing Angles 

Rugged Construction 

Solid-State Reliability 

Compatible with DTL and TTL Circuitry 


Versatile Mounting in PCB, Panel, or 
Socket 






mechanical data 


These devices are similar in size to lamp style T1 and may be panel-mounted using mounting clip TILM1 (formerly 
TIL209MC). 


3,175 (0,125) 


= ~———- DIA 


2,997 (0.118) 


; 1,27 (0.050) MIN 
14,5 (0.570) MIN. Giese 
5,34 (0.210) 0,610 (0.024) 
4.82 (0.190) 0,457 (0.018) SOUARE IDENTIFICATION 


2 LEADS 
COLLECTOR 


ea) 
EMITTER 1,40 (0.055) 
07 (0.160) 7,14 (0.045) 


3,81 (0.150) (See Note c) 





4,07 (0.160) DIA 


3,55 (0.140) 


(See Note b) 


NOTES: a. All dimensions are in millimeters and parenthetically in inches. 
b. This diameter is measured 0,127 mm (0.005 inches) from the shoulder, 
c. Lead spacing is measured where the leads emerge from the package, 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Reverse Voltage: ae) ao ce eid SOE GE A Se ce PO Pa a SS a A en oe ce ee ee ee SV 

Continuous Forward Current (See Note 1) . . 2. 1. 1 1 we ee ee ee ee eee we ee ee ©) 6BOMA 

Peak Forward Current (See Note 2) SOO ee eds dha cde 4 ate ae Reed yp Few deen St wblde Gp Sgt Uh dette LATA 

Operating Free-Air Temperature Range . 2... 1. 1 ee ee ee ee ee ee ee es 55°C to 100°C 

Storage Temperature Range...) ww ke ee ee ee kk ee ee ee es =55°C to 100°C 

Lead Temperature 1,6 mm (1/16 Inch) From Case for 3Seconds . ..... 2... ee ee ee ee 260°C 
NOTES: 1. Derate linearly to 100°C free-air temperature at the rate of 0.67 mA/°C. 





2. This value applies for ty, = 1 ws, PRR = 300 Hz. 
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TYPES TYPES TIL212, TIL216, TIL232 
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES 





operating characteristics at 25°C free-air temperature 





oe 
oe na 
; Tiziet | 21 
Weer We auaiga |) Oe 
pTi2za24 | 05 

ee 

Tv 







ly Luminous Intensity (See Note 3) 


Pruzia [aod 

Xp Wavelength at Peak Emission eaten [Re| ae 
[Ti232_ [| S60 

aa Halrintonsiy Beam Aral ——SSSCSCSC~“‘~*dC MACS 
[We Static Forward Voage—SSCSCSC~“~CS~‘d SR OMASCSSCSC*dSCs‘“(#‘SSCONC#C“‘ROCS 
[a Setierevese Curent’ iO 


NOTE 3: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 
IHumination) eye-response curve. 








TYPICAL CHARACTERISTICS 


FORWARD CURRENT RELATIVE LUMINOUS INTENSITY 
vs VS 


FORWARD VOLTAGE ANGULAR DISPLACEMENT 


Prasave | | mums | 
| ™ 


30 
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Ve—Forward Voltage—V 


6—Angular Displacement 


FIGURE 1 FIGURE 2 
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| TYPES TIL220, TIL221 
GALLIUM ARSENIDE PHOSPHIDE LIGHT-EMITTING DIODES 


BULLETIN NO, DL-S 12026, JULY 1973—REVISED SEPTEMBER 1978 






DESIGNED TO EMIT VISIBLE RED 
LIGHT WHEN FORWARD BIASED 


e Recommended for Panel Mounted Visual Indicators 

e High Brightness with Solid-State Reliability 

e@ Compatible with Most TTL and DTL Circuits 

e Leads Are Designed to be Wire-Wrapped 

e Filled-Epoxy Lens Provides Diffused Source (TIL220) 
e Clear Epoxy Lens Provides Pin-Point Source (TIL221) 


mechanical data 


TIL220 has a red molded filled-epoxy body. T1L221 has a colorless clear molded epoxy body. 


CATHODE 


8,89 (0.350) (anicaeiaiN IDENTIFICATION 
8,38 (0.330) 
1,27 (0.050) MIN 2.67 (0.105) 
: CATHODE 2,41 (0.095) 
5,08 (0.200) 4 
4,82 (0.190) ANODE + 
| eae 
2 SQUARE LEADS 559 (0.022) | 


7,75 (0.305) | 0,457 (0.018) 


7,49 (0.295) 
6,10 (0.240) 


5,59 (0.220) vn 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature... 1 1. eee ee ee eee ee OM 
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) ee a Be ee ea w SOMA 
Power Dissipation . . 2. 1 1 1 ew eee ee ee ee eee ee ee ew ee ew we ee Se Note 2 
Operating Free-Air Temperature Range... 1... 1 ee ee ee ee ee ee ew ww es 55 to 100°C 
Storage Temperature Range. ww ww ee ee ee ee ee ee 55 to 125°C 
Lead Temperature 1.6 mm (1/16 Inch) from Case for 5Seconds. . . 2. 2 1 ee ee ee et ee 230°C 





operating characteristics at 25°C free-air temperature 
ee 
PARAMETER. TEST CONDITIONS uo ue UNIT 
MIN TYP MAX |MIN TYP MAX 


[ap Wavelength at Peak Emission] p= 20mA | 630 680 670 630 650 670] nm 
[Ve Static Forward Voltage ——SCSCS~*~—~“—*~—~*~*SC*‘iSC mA SSC‘ CCC CY 
[in Static Revere Curent ——SSSSSS*d Cv fT —«*dC 


NOTES: 1. Derate linearly to 100°C free-air temperature at the rate of 0.67 mA/’c. 
2. The package is capable of dissipating whatever power (Ve X If) is developed at any level of forward current at or below the rated 
. amount. Typical junction-to-free-air thermal resistance, Rg ya, is 230°C/W. 
3. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on IHWumination) eye-response curve. 












378 


TEXAS INSTRUMENTS 199 


INCORPORATED 
POST OFFICE 8OX 225012 ® DALLAS, TEXAS 75265 





TYPES TIL220, TIL221 


GALLIUM ARSENIDE PHOSPHIDE LIGHT-EMITTING DIODES 


TYPICAL CHARACTERISTICS 


RELATIVE LUMINOUS INTENSITY 


VS 
FREE-AIR TEMPERATURE 


RELATIVE SPECTRAL CHARACTERISTICS 


Constant 


Ip = 





Aqisuaju] uo OY, BANejay 


40 60 80 


20 
Ta—Free-Air Temperature—°C 


~—20 


—40 


660 680. 700 


640 


A—Wavelength— nm 


FIGURE 2 


w 
Pa 
> 
S 
ix 





RELATIVE LUMINOUS INTENSITY 


vs 
FORWARD CURRENT 


FORWARD CONDUCTION CHARACTERISTICS 








LTE 
- 

LT TT . 
SSS tt | - 





- 
N 
- 


7:10 20 40 100 


4 


2 


0.2 0.4 0.71 


4 L See Note 3 


0.1 


yw OZ = J] 28 anjep 02 aANeyay AjlusaiUy snoulUNT 


Ve—Forward Voltage—V 


| p—Forward Current—mA 


FIGURE 4 


FIGURE 3 


NOTE 3: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 


on Illumination) eye-response curve. 
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TYPES TIL224, TIL227 
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES 


BULLETIN NO. DL-S 12652, OCTOBER 1978 





YELLOW HIGH-INTENSITY LIGHT SOURCES 


DEVICE DESCRIPTION 


Yellow source 
TIL224 
TIL227 


These devices are similar in size to lamp style T1% and may be panel mounting using mounting clip T!LM2 (formerly 
TIL220MC), or clip and lens combination TILM3Y. 


e@ Good Viewing Angles 







eo Rugged Construction 
© Solid-State Reliability 
°o Long Life 


© Compatible with DTL and 
TIL Cicruitry 


© Versatile Mounting in PCB, 
Panel, or Socket 


Diffused yellow plastic body 
Medium-angle emission 
General-purpose indicator applications 





Yellow source 






Colorless clear plastic body 
Narrow-angle emission 
Point source applications 


description 


CATHODE 


8,89 (0.350) sie IDENTIFICATION 
8,38 (0.330) 
1,27 (0.050) MIN 2,67 (0.105) 
, CATHODE 2,41 (0.095) 
5,08 (0.200) 1. 
4,82 (0.190) ANODE eo 
, a | 
2 SQUARE LEADS o.sso (0.022) | 





7,75 (0.305) | 0,457 (0.018) 
7,49 (0.295) 


6,10 (0.240) 


——————- DIA 


5,59 (0.220) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Reverse: Voltage <2. 00 a: ie do a en A a eee ee Ok oe wok ce S40 be 4A ee .5V 
Continuous Forward Current (See Note 1)... 2 2. ek ee ee ee ek ee ee eee ew ee) 6BOMA 
Peak Forward Current (See Note 2) ie aii, ce ek Gre eee HAS tee, Wing ete ee ka at Gln eto A ae eA 
Operating Temperature Range bse (AGH ee WLR T Be AU ee Lileks can RES whack sgn my Aes a GOONS 
Storage Temperature Range. | ww we ee ee ee ee ee 55°C to 100°C 
Lead Temperature 1,6 mm (1/16 Inch) From Case for3Seconds ..... 1... ee ee ee ee 260°C 


NOTES: 1, Derate linearly to 100°C free-air temperature at the rate of 0.67 mA C. 
2. This value applies for ty, = 1 us, PRR = 300 Hz. 
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TYPES TIL224, TIL227 
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES 





operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


TIL224-1 
TIL224-2 

i i 3 Ip =20mA 
Luminous Intensity (See Note 3) F m TIL2a7A 
TIL227-2 


A Wavelength at Peak Emission tp =20mA 


Half Intensity Beam Angle Ip 20mA Til 227 


p 
HI 
Ve Static Forward Voltage pip=20mA 
tr Static Reverse Current VR=5V- 


NOTE 3: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 
INumination) eye-response curve. 








TYPICAL CHARACTERISTICS 


FORWARD CURRENT RELATIVE LUMINOUS INTENSITY 
vs vs 
FORWARD VOLTAGE ANGULAR DISPLACEMENT 
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VF—Forward Voltage—V 6—Angular Displacement 
FIGURE 1 FIGURE 2 
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TYPES TIL228, TIL231 
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES 


BULLETIN NO. DL-S 12653, OCTOBER 1978 





RED HIGH-INTENSITY LIGHT SOURCES 


DEVICE DESCRIPTION 


Red source 
TIL228 
TIL231 


These devices are similar in size to lamp style T1% and may be panel mounted using mounting clip TILM2 (formerly 
TIL220MC), or clip and lens combination TILM3R. 


e@ Good Viewing Angles 








e Rugged Construction 
e@ Solid-State Reliability 





Diffused red plastic body 





Medium-angle emission 






e Long Life 


° Compatible with DTL and 
TIL Circuitry 


e Versatile Mounting in PCB, 
Panel, or Socket 


General-purpose indicator applications 





Red source 
Colorless clear plastic body 










Narrow-angle emission 






Point source applications 





mechanical data 


CATHODE 


IDENTIFICATION 
19.0 (0.750) MIN 
1,27 (0.050) MIN 
CATHODE 
ANODE re 
ee | 
2 SQUARE LEADS ose 10.022) | 


0,457 (0.018) 


8,89 (0.350) 
8,38 (0.330) 
2,67 (0.105) 


2,41 (0.095) 


5,08 (0.200) 
4,82 (0.190) aie 





7,75 (0.305) 


7,49 (0.295) 


6,10 (0.240) 


sem DIA 


5,59 (0.220) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Reverse Voltage ia eat yan 8 . . 5V 
Continuous Forward Current (See Note 1) 50 mA 
Peak Forward Current (See Note 2) 1A 


Operating Temperature Range 
Storage Temperature Range... .. 1. ee ee ee ee 
Lead Temperature 1,6 mm (1/16 Inch) From Case for 3 Seconds 


NOTES: 1. Oerate linearty to 100°C free-air temperature at the rate of 0.67 mA/°C. 
2. This value applies for ty, = 1 us, PRR = 300 Hz. 


- —55°C to 100°C 
. —55°C to 100°C 


. 260°C 
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TYPES TIL228, TIL231 
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES 





Operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX 














frie [aS 
; |mu2ze2 | 6 
ly Luminous Intensity (See Note 3) tiasia |e 
7 Tze [18S 
[Xp Wavelength at Peak Emission | Ip=20mA——S—S—S~sSC~=“‘*~‘~*~sC*‘“‘CSNC“*'CC nm ~_+ 
O41 ——_‘Half-intensity Bearn Angle tee z0ma PR 
prmu2s; fl 
[Ve Statie Forward Vonage id p= t0maSSC*iSCCSC“‘“‘*S*S*~*~ SSC 
Static Reverse Current CE 





NOTE 3: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 
INumination) eye-response curve. 





TYPICAL CHARACTERISTICS 


FORWARD CURRENT RELATIVE LUMINOUS INTENSITY 
vs 


vs 
FORWARD VOLTAGE ANGULAR DISPLACEMENT 


TIL228 


} 


(Evab seas 
\jp:eLy Seeees 


l—-—Forward Current—mA 
Relative Radiant Intensity 





100° 80° 60° 40° 20° 0° 20° 40° 60° 80° 100° 
Ve—Forward Voltage—V @—Angular Displacement 
FIGURE 1 FIGURE 2 
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TYPES TIL234, TIL236 
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES 


BULLETIN NO DL-S 12654, OCTOBER 1978 





GREEN HIGH-INTENSITY LIGHT SOURCES 


Good Viewing Angles 
Rugged Construction 
Solid-State Reliability 


Compatible with DTL and 
TIL Circuitry 


e Versatile Mounting in PCB, 
Panel, or Socket 


mechanical data 


DEVICE DESCRIPTION 


reen source 
TIL234 
TIL236 


Diffused green plastic body 
Medium-angle emission 
General-purpose indicator applications 
Green source 

Colortess clear plastic body 
Narrow-angle emission 


Point source applications 





These devices are similar in size to lamp style T1% and may be panel mounted using mounting clip TILM2 (formerly 
TIL220MC), or clip and lens combination TILM3G. 


8,89 (0.350) 


8,38 (0.330) 19.0 (0.750) MIN 
1,27 (0.050) MIN 


CATHODE 


5,08 (0.200) 
4,82 (0.190) Oe 


CATHODE 
IDENTIFICATION 


2,67 (0.105) 


2,41 (0.095) 


I 


ae: 


0,559 (0.022) 


2 SQUARE LEADS oss9 (0.022) J 
0,457 (0.018) 


7,75 (0.305) | 


7,49 (0.295) 


6,10 (0.240) 


=< DIA 


5,59 (0.220) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Reverse Voltage Pet yee Ate 
Continuous Forward Current (See Note 1) 
Peak Forward Current (See Note 2) 
Operating Temperature Range 

Storage Temperature Range .... 


Lead Temperature 1,6 mm (1/16 Inch) From Case for Seconds 


.5V 
50 mA 
el Bae ad SEEN ge ache lad atch, Be cy Taste dents aoa) 20 Ae 
Lisie H. den cs "a “Blah da Gy Ae aa Re Ce ee Se  TONtOO Co 
é we ko ae 8 ea we hee waa = BBO to 100°C 
. 260°C 


NOTES: 1. Oerate linearly to 100°C free-air temperature at the rate of 0.67 mA/°C, 


2. This value applies for ty, = 1 us, PRR = 300 Hz. 
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TYPES TIL234, TIL236 
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES 





operating characteristics at 25°C free-air temperature 


TIL234-1 


TIL234-1 


Ip =20mA 
TIL236-1 
TIL236-2 


Ap Wavelength at Peak Emission Ip =20mA 


te Half-Intensity Beam Angle Ip =20mA TiL234 
alf-Inten 7 
ai : : E TIL236 
F 


Vv Static Forward Voltage Ip = 20mA 
IR Static Reverse Current VR=5V 


NOTE 3: Luminous intensity Is measured with a light sensor and filter combination that approximates the CIE (international Commission on 
IHumination) eye-response curve. 








TYPICAL CHARACTERISTICS 


FORWARD CURRENT RELATIVE LUMINOUS INTENSITY 
vs vs 
FORWARD VOLTAGE ANGULAR DISPLACEMENT 








<x 2 
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A . 
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c ee ae 
Wg 
TIL236 / 
0 
100° 80° 60° 40° 20° 0° 20° 40° 60° 80°100° 
Ve—Forward Voltage—V 8—Angular Displacement 
FIGURE 1 FIGURE 2 
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TYPES TIL261 THRU TIL270 
GALLIUM ARSENIDE LIGHT-EMITTING DIODES 


BULLETIN NO, DL-S 12228, NOVEMBER 1974 
DESIGNED TO EMIT VISIBLE RED LIGHT WHEN FORWARD BIASED 


e Recommended for Applications in Visual Indicators, Alphanumeric Displays, and No/Yes 
Instrumentations 


e Single Element or Arrays from 2 to 10 Elements 
e Center-to-Center Spacing of 2,54 mm (0.100 Inch) 


PNUMBER OF ELEMENTS] 1 [| 2 | 2 | 4 [5 | 6 | 7 | @ | 9 | 10 | 


mechanical data 







Each device has a red molded filled epoxy body with silver-plated leads. 


L 26 (0.089) 3,1 (0.122) if 


2,47 (0.097) 26 (0. 
, aie 1,42 (0.056) MAX 
1.95 (0.077) ; | 1,75 (0.069) 1,17 (0.046) 


TIL261 


ne 2,16 (0.085) 


CATHODE 0,178 (0.007) 1,65 (0.065) 
se cl ae 4,02 (0.158) 
TIL261 SINGLE ELEMENT TOP 2,99 (0.118) 
AND SIDE VIEWS 2,54+ 0,51 
i= ose OIA {0.1002 0.020) gg 
EACH LENS 
TIL261—T1L270 


2,26 (0.089) END VIEW 
1,75 (0.069) TIL265 


1,02 {0.040} 
NOM 


1,27 (0.060) 0,681 (0.028) 
MAX 0.533 (0.0211 
2.54 (0.100) 0,833 (0.021) 0,457 (0.018) 


18 PLACES 0,330 (0.013) 
© &  seaNoteb 


TIL270 10-ELEMENT ARRAY TOP 
AND SIDE VIEWS 


NOTES: a. All linear dimensions are in millimeters and parenthetically in inches. 
b. Each pin centerline is located within 0,26 mm (0.010 inch) of true longitudinal position. 


TIL270 





absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature ... . oot he Gud Goce -ay oe wer, 40" Vi 
Continuous Forward Current at (or below) 25°C Free-Air rTParmperatine (See Note 1) woe ew ew ew ew ew w)640MA 
Operating Free-Air Temperature Range . 1... ee ee ee ee ee ee we 40°C to 80°C 
Storage Temperature Range Ga z Sg. . tee ee we a e)~©6—40°C to 100°C 
Lead Temperature 1,6 mm (1/16 Inch) eicw Soong Plane for 3 Seconds mo ae cbt oh ee ke de Se te he AO 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


ly Luminous Intensity 


ly min : ; ; 
Luminous Intensity Matching Factor 
ly max Ip = 20mA 


Xp Wavelength at Peak Emission 630 650 670 Sa 
_ Static Forward Voltage 


a 


NOTE 1: Derate linearly to 0 80° c free- air ir temperature at the rate of oO. 73 ma’ c. 





.~ 
R 
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TYPES TIL271 THRU TIL280 
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES 


BULLETIN NO, DL-S 12233, NOVEMBER 1974—REVISED SEPTEMBER 1978 






DESIGNED TO EMIT GREEN LIGHT WHEN FORWARD BIASED 


e Recommended for Applications in Visual Indicators, Alphanumeric Displays, and No/Yes 
Instrumentations 


e Single Element or Arrays from 2 to 10 Elements 
e Center-to-Center Spacing of 2,54 mm (0.100 Inch) 


|NuMBEROFELEMENTS] 1 | 2 | 3 | 4 {5 | 6 | 7] ef of 0 | 


mechanical data 


Each device has a green molded filled epoxy body with silver-plated leads. 


2,47 (0.097) = {0.089) 3,1 (0.122) 


2,47 (0.097) 1,42 (0.056 
1.95 (0.077) l ‘ 1.75 (0.069) . ) MAX 


ie i 


0,178 (0.007) 1,65 (0.065) TIL271 
0,127 (0.006) 4,02 (0.168) 


TIL271 SINGLE ELEMENT TOP 2.99 (0.118) 


AND SIDE VIEWS 2.84 40,51 
(0.1002 0.020) gg 


CATHODE 


2,26 (0.089) DIA 


1,75 (0.068) : 
EACH LENS TIL271—TIL280 
END VIEW 


2,26 (0.089) 
1,75 (0.069) 
TIL275 


1,02 (0.040} 
NOM 


127 (0.950) | 0.661 (0.026) 
2,54 (0.100) 0,533 (0.021) 0,457 (0.018) 
@€ ¢€ 


uolerties 0,330 (0.013) TIL271—TIL280 


END VIEW 
TIL280 10-ELEMENT ARRAY TOP 


AND SIDE VIEWS 


TIL280 


NOTES: a. All linear dimensions are in millimeters and parenthetically in inches. 
b. Each pin centerline is located within 0,26 mm (0.010 inch) of true longitudinal position, 





absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature... . 1. 1 we ew ee te sd Sa Bands 3V 
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) ; woe ew ew ee © 6 8OMA 
Operating Free-Air Temperature Range ....... ce tw ee ee we we we 640°C to 80°C 
Storage Temperature Range . 2... we ee ee ee ee ee) ~6=40°C to 100°C 
Lead Temperature 1.6 mm (1/16 Inch) below Seating Plane for 3Seconds . . . . - - + ee eee © 6240°C 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT 


ly min cad 
Lam | 
Lv 


Vv 











Luminous Intensity Matching Factor 
ly max IF = 20 mA 


Ap Wavelength at Peak Emission 557.5 565 572.5 
VE Static Forward Voltage , 
IR Static Reverse Current VR=3V 


NOTE 1: Derate linearly to 80°C free-air temperature at the rate of 0.55 mA/C. 
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TYPES TIL281 THRU TIL290 
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES 


BULLETIN NO, DL-S 12363, MARCH 1976—REVISED SEPTEMBER 1978 





DESIGNED TO EMIT YELLOW LIGHT WHEN FORWARD BIASED 


e Recommended for Applications in Visual Indicators, Alphanumeric Displays, and No/Yes 
Instrumentations 
e Single Element or Arrays from 2 to 10 Elements 


e Center-to-Center Spacing of 2,54 mm (0.100 Inch) 


TiL281 TiL284| T1285 | TIL286 TiL2e8 
[NuMBER OF ELEMENTS] 1 | 2 | 3 | 4 | ae ae a Ee 


mechanical data 
Each device has a yellow molded filled epoxy body with silver-plated leads. 


EB. (0.089) 


3,1 (0.122! 
2,47 (0.097) ( ) 
1,95 (0.077) | 1,75 (0.069) 


1,42 (0.066) MAX 
1,17 (0.046) ? 
2.18 (0.085) 


CATHODE 0,178 (0.007) 1,65 (0.065) 
0,127 (0.006) 


TIL281 


ip 


4,02 (0.158) 


TIL281 SINGLE ELEMENT TOP 2,09 (0.118) 


AND SIDE VIEWS coon: 0020" ¢ 
2,26 (0.089) 
1,75 (0.069) 
Sener TIL281-TIL290 
END VIEW 


2,26 (0.089) 
1,75 (0.069) 





1,02 (0.040) 
NOM 


0,661 (0.026) 


0,533 (0.021) 0,457 (0.018) 


1,27 (0.050) 
MAX 
2,54 {0. 100) 
18 PLACES 


ae Sees tintes 0,330 (0.013) 
TIL290 10-ELEMENT ARRAY TOP 
AND SIDE VIEWS 


NOTES: a All linear dimensions are in millimeters and parenthetically in inches. 
b. Each pin centerline is located within 0,26 mm (0.010 inch) of true longitudinal position. 





absolute maximum ratings 


Reverse Voltage at 25 C Free-Air Temperature 


Continuous Forward Current at (or below) 25°C Free-Air 


Operating Free-Air Temperature Range 
Storage Temperature Range .. . be oe 


Temperature (See Note 1) 


reer 30mA 
—40°C to 80°C 
—40°C to 100°C 

240°C 


Lead Temperature 1.6 mm (1/16 Inch) below Seating Plane for 3 Seconds 
Operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT 


ly Luminous Intensity 
ly min : , : 
Luminous Intensity Matching Factor 
ly max 
Ap Wavelength at Peak Emission 5725 580 587.5 Jam | 


Ve Static Forward Voltage Vv 
IR Static Reverse Current Vaz3Vv 


NOTE 1: Derate linearly to 80 C free-air temperature at the rate of 0.55 mA/*C. 
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TYPE TILM1 
LED PANEL MOUNTING BUSHING 


BULLETIN NO. DL-S 12664, SEPTEMBER 1978 







FORMERLY TIL209MC 
FOR LIGHT-EMITTING DIODES SIMILAR IN SIZE TO LAMP STYLE T1 


installation instructions 


The bushing can be mounted in any panel having a thickness up to 2 mm (5/64 inch). To mount the bushing, drill a 
hole of diameter 5,2 mm (13/64 or 0.205 inch) and remove the extruded burr. Insert the bushing through the front of 
the panel. While holding the bushing in place, insert the LED from the rear of the panel until the LED snaps into place. 


mechanical data 


5,0 (0.197) 


6,5 (0.256) 


5,7 (0,225) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
AND ARE NOMINAL 


2.0 (0.079) 
MAX PANEL 
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TYPE TILM2 
LED PANEL MOUNTING BUSHING WITH LOCK COLLAR 


BULLETIN NO. DL-S 12133, MAY 1974—REVISED SEPTEMBER 1978 





_ FORMERLY TIL220MC 
FOR LIGHT-EMITTING DIODES SIMILAR 
IN SIZE TO LAMP STYLE T1 3/4 


installation instructions 


This mounting bushing can be mounted in any panel having a thickness up to 3.2 mm (0.125 inch). To mount the 
bushing, drill a hole of diameter 6,8 mm (17/64 inch) and remove the extruded burr. Insert the bushing through the 
front of the panel. While holding the bushing in place, insert the LED from the rear of the panel until the LED snaps 
into place. The orientation of the flat side of the LED, which denotes the cathode lead, must be noted prior to 
insertion. After the LED is seated with its mounting flange snapped in the slot, push the lock collar over the rear side 
of the bushing until seated flush with the panel. 


mechanical data 


BUSHING LOCK COLLAR 





3,81 (0.150) MAX | 


3,55 (0.140) MIN 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES AND 
ARE NOMINAL UNLESS OTHERWISE NOTED 


TYPICAL INSTALLATION 


WL LOCK COLLAR 
ERS | 


EC 


LED 


Ee ae 


| 3,2 (0.125) 


MAX PANEL 
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TYPES TILM3C, TILM3G, TILM3R, TILM3Y 
LED PANEL MOUNTING CLIPS AND LENS COVERS 


BULLETIN NO. DL-S 12590, NOVEMBER 1977 


e Combines Mounting Clip and Refracting Lens e TILM3C 
e Enhances Appearance of Panels and Systems e TILM3G 
e Easily Installed e TILM3R 
e Choice of Colors e TILM3Y 





Clear 
Green 
Red 
Yellow 


This new combination mounting clip and lens cover reduces installation time for pane! mounted LED’s and gives 
systems with LED’s an expensive panel indicator appearance. Choice of color is specified by the complete part number. 


mechanical data 


6,35 (0.250) 
DIA 


©) 7,11 
5,46 
(0.215) 


10,92 (0.430) 


MATERIAL: CELLULOSE ACETATE BUTYRATE 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


installation instructions 





Mount from front of panel in 6,4-mm (1/4-inch) hole. Collar accepts panel thickness from 1.6 to 3.2 mm (1/16 to 
1/8 inch). Mounting can be on 9,6-mm (3/8-inch) centers. Mounting hole should be deburred but not chamfered. 


Snap the TILM3 into the mounting hole. While holding it tight to the panel, insert the LED into the collar from the 


back. 


The following Texas Instruments T1 % size LED’s are suitable for TILM3 mounting. 


Medium Viewing Point 
Color Angle Source 
Yellow TIL224 TIL227 
Red TIL228 TIL231 
Green TIL234 TIL236 


TEXAS INSTRUMENTS 
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OPTOELECTRONIC FAULT INDICATOR FOR LOGIC CIRCUITS 





OPTOELECTRONIC FAULT INDICATOR 
FOR LOGIC CIRCUITS 


Roland Windecker 
Before the invention of the transistor, most switching Table 1. Relative Light Intensity Versus Current 
functions were performed by electro-mechanical relays. 
Today these functions are performed largely by integrated Forward Diode Light Intensity in Normal 
circuits because of their versatility, speed, size, reliability, Current (mA) Room Lighting 
and other features. The relay did have one attractive 
feature, however, that the integrated circuit does not , Light is definitely visible. 


have: that is, the logic state of the relay could easily be 
determined by simply looking at the contact mechanism. 
Since semiconductor switches do not have such a built-in 
indicator, usually meters or oscilloscopes are used to 
determine the state of an output when troubleshooting is 
necessary. In some cases, the number of outputs to be 
monitored, the fact that a gate circuit does not appear at 
one of the circuit-board terminals, or simply that test 
equipment is not always readily available, may ‘make the 
use of such methods impractical. It is the purpose of this 


Light is easily seen. 

Light is sufficient to attract the attention 
of a casual observer. 

Light is easily seen from a distance of 
twenty feet. 





application report to suggest the use of visible-light-emitting RELATIVE LUMINOUS INTENSITY 
diodes (VLED’s) as indicators in such cases, and to provide vs 
information that should be helpful in their application. FORWARD CURRENT 


VLED CHARACTERISTICS 


The VLED is a diode that emits visible light when 
forward biased. A single-crystal compound of gallium, 
arsenic, and phosphorous is used for the semiconductor 
element, and the color of the emitted light (red, 6500 A) is 
obtained by controlling the phosphorous concentration. 
Data sheets describing TI WLED devices are available and 
give most of the information of interest to the design 
engineer planning to employ the diode as a fault indicator. 
One parameter that is particularly significant for this 
application is the relationship between forward current and 
emitted light. This relationship is nearly linear, but since 
the eye views light level in a logarithmic way, the intensity 
is usually plotted on a logarithmic scale as shown in 
Figure 1. In this graph, the light level is normalized so the TA 
information given in Table | is included as a rough guide Ve ail 
for selecting current needed for a particular application. 

Another point of interest is that the emitting wafer 0.102 04071 2 4 710 20 40 100 
appears larger to the eye than its actual dimensions, which 
are about 0.01 X 0.01 inch. This effect is due in part to the 
lens used in the package, but is also due to an illusion that 


occurs because of the brilliance of the small spot. FIGURE 1. Luminous Intensity Versus Forward 
Current for a Typical TI VLED (TIL209A } 


wail 
Bill 
HA 


NOL TTT 
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Luminous Intensity Relative to Value at lp = 20 mA 





|¢—Forward Current-mA 
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APPLICATIONS 


The output of any integrated circuit in a computer or 
control system is a possible application for the VLED as a 
fault indicator. Obviously, only a limited number of these 
outputs need to be monitored, and the engineer designing 
maintainability into the system has the responsibility for 
deciding where the use of the indicator would be most 
effective. Outputs that normally cycle between high and 
low logic levels are prime candidates for this type of 
indicator. A VLED powered by the output of a flip-flop for 
example, can be adjusted to glow dimly during normal 
operation. When a fault occurs causing the output to be 
held high or low, the VLED will either glow more 
brightly or be off altogether, thereby revealing the state of 
the output. Similarly, a VLED powered by the output of a 
shift register can be used to indicate if the information is 
circulating normally (medium light intensity), is locked 
high (no light), or is locked low (full brilliance). 


The use of the VLED to monitor command signals in 
computer or control systems is another possible applica- 
tion. The strobe signal from a keyboard or tape reader, for 
example, can be monitored by using a VLED at the output 
gate. Similarly, command signals used to contro! the flow 
of information between pieces of equipment can be 
monitored so that when trouble occurs, the fault can be 
isolated quickly. j 

In addition to computer and control system applica- 
tions, VLED’s can be powered directly by integrated-circuit 
outputs for other purposes, such as training personnel to 
understand logic circuits, helping the design engineer 
develop complex logic circuits, and reading outputs of test 
consoles used to diagnose and trouble shoot computer 
systems. 


TYPICAL CIRCUITS 


TTL Integrated Circuits 


The circuit shown in Figure 2 can be used to monitor 
the output of a 54/74 TTL integrated circuit or similar 


Table 2 








SN7400 










TO OTHER ICs 


FIGURE 2, Circuit used to Monitor Gate 
of TTL IC 





OPTOELECTRONIC FAULT INDICATOR FOR LOGIC CIRCUITS 











TO OTHER ICs 


el 





FIGURE 3. Circuit Used to Monitor Gate ofa 
TTL IC Operating at 5 kHz with 
5% Duty Cycle 


logic circuits. Table 2 gives values for the limiting resistor 
required and includes the fan-out that must not be 
exceeded when the added lamp load is taken into account. 
This chart is based on the assumption that the TTL gate can 
sink 16mA and that 1.6 mA is required by each of the 
driven TTL gates. If a high-current buffer (SN7440) is used 
as the TTL gate, 48 mA is available, and the expanded chart 
given in Table 3 is applicable. When very large currents are 
required for the indicator, a gate-transistor combination 
such as the SN75450B can be used. The circuit shown in 
Figure 3 was used to monitor a gate operating at 5 kHz 
with a 5% duty cycle. Resistor R2 is used to limit the diode 
current to a safe value when the gate output is held high 
due to a fault condition. The bypass capacitor increases the 
light level above that normally seen with a 5% duty cycle. 
The fault indicator shown in Figure 1 emits light 
when the output is low and is dark when the output is high. 
If the inverse response is required, that is, light when the 
output is high and no light when the output is low, the 
circuit shown in Figure 4 can be used. Table 4 gives 
corresponding series resistance and gate output voltage. 
Fan-out is not affected by this configuration, but care must 
be used in limiting the current to a level that does not 
reduce the output voltage below the recommended level. 


DTL Integrated Circuits 

The VLED can be used to indicate trouble with DTL 
integrated circuits as well as with TTL. Figure5 and 
Table 5 illustrate the use of a VLED to monitor a 4-input 
NAND gate, type SN15830. 
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Table 4 


fioimal 03 [0s [078 [10 [18 | 
Frum [os [ao [as [x7 [0 | 
Paez |s6 |esa]os [sao 


$N10102 


TO OTHER ICs 
TO OTHER ICs 





FIGURE 4. Fault Indicator Circuit That Emits Light 
When Output is High and is Dark 


When Output is Low FIGURE 6. VLED Monitoring Output of SN10102 


OR/NOR Gate 
ECL Integrated Circuits 


Table 5 
Since the voltage swing at the output of an ECL gate 


lipimay fos ]1 [2 {4 [6 [8 [10 | is approximately 0.8 volts (-1.7V to -—0.9V), the 
| R(2¥ [6700/3200] 1600] soo | 520 380] 290, application of the VLED across an active output is not 
franourls [7 [7 15 [4 [2 [1 | recommended. Since many. of the ECL gates have more 

than one output, it is possible to use one of these for the 
VLED while using the remaining outputs in the logic 
circuits. The VLED affects the remainder of the circuit 
only in that its current contributes to the power dissipation 
in the ECL chip. Figure 6 shows a VLED monitoring the 
output of an SN10102 OR/NOR gate. 





ADDITIONAL APPLICATIONS 


The circuits presented here are intended to suggest a 
variety of configurations for applying the VLED as a fault 
indicator and to illustrate the simplicity of such circuits 
when used on integrated circuit gates. If a few basic 
limitations are kept in mind, such as the maximum 
continuous current and maximum reverse breakdown, the 
FIGURE 5. VLED Monitoring an SN15830 VLED is a very easy device to apply. The reliability and 

4-Input NAND Gate long life eliminate the need to provide for frequent 
replacement, and its small size and low power dissipation 
allow the user to concentrate a large number of the 
indicators in a relatively small area, 


TO OTHER ICs 
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Displays 





218 


QUICK REFERENCE GUIDE 
DISPLAYS 





SINGLE-DIGIT DISPLAYS 
QUICK REFERENCE GUIDE 


CHARACTER COLOR 
TYPE OF 
DEVICE CHARACTER(S) HEIGHT OF 

mm (INCHES) DISPLAY 
5082-7730 
5082-7731 

t 7,6 (0.300 

6082-7736 7-segmen (0 ) 
5082-7740 


TIL302 14-lead dual- 
ae 7-segment 6,9 (0.270) iead Cue | T1L302—-leFt decimal. TIL303—right decimal 
TIL303 in-line plastic 
Polarity and 14-lead dual- 
TIL304 palatal 6,9 (0.270) eiead cua | Right decimal 
overflow unit in-line plastic 
X7 14-lead dual- 
TIL305 7,6 (0.300) Red ead duel | Left decimal 
alphanumeric in-line plastic 


TIL306 
TIL307 
: 6,9 (0.270 
TIL308 see atl 10270) in-line plastic 
TIL309 


14-lead dual- Logic includes latch, decoder, and driver 
TIL311 Hexadecimal 6,9 (0.270) . : 
in-line plastic Left and right decimals 
TIL312 >Sent 7,6 (0.300) Red 14-lead dual- TIL312 has common anode, right and left decimals 
TIL313 2 eg in-line plastic | TIL313 has common cathode, right decimal only 
TIL321A 10-lead dual- Right decimal. TIL321A is common-anode. 
-segme 12,7 (0.500 Red 
TIL322A i in-line plastic {| TIL322A is common-cathode 
Polarit d 14-lead dual- 
TiL327 we ce 7,6 (0.300) ee ee | Left decimal 
overflow unit in-line plastic 
Polarit id 10-lead dual- 
TIL330A papi ee 12,7 (0.500) mead one" | Left decimal 
overflow unit in-line plastic 
16-lead dual- 
TIL360 7-segment 2,6 (0.100) ae i ee 6-digit display, each digit having right decimal 
in-line plastic 


tHeight of magnified character 













Plastic dual- 
in-line 










Direct replacements for Hewlett-Packard parts 















TIL306 and TIL308—left decimal 
TIL307 and T1L309—right decimal 


16-lead dual- 






























A LT TT IE SG: TTT ATES ES PTS SS A a ED 
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MULTIDIGIT DISPLAYS 
QUICK REFERENCE GUIDE 














NUMBER 
OF 
DIGITS 


CHARACTER 
TYPE OF 
HEIGHT 


CHARACTERS | am (INCHES) 


Red 
Red 
9 7 
7 




























DEVICE COLOR 





Lens mounted on an 18-tab printed circuit board. 
Otherwise same as TIL393-6. 
Otherwise same as TIL393-6. 


TIL393- 2,6 (0.102)t Red 
TIL804 6,9 (0.270) 


cree 7 t 7,6 (0.300) 
TIL808 rer pia 


TIL829 
TIL830 
TIL831 
asd 7-segment 12,7 (0.500) 
TIL833 
TIL834 


TIL835 
TIL837 


TIL839 
TIL840 
TILB44 7-segment 12,7 (0.500) 
TIL842 


tHeight of magnified character 


nN 


TtL807 common anode, TIL808 common cathode. 
No decimal. 


Multidigit timer displays with colon, alarm, degree, 
and PM indicator options. Applications include 
12- and 24-hour clocks. 






TIL835 common anode 

TIL836 common cathode 

Common-cathode numeric displays. TIL837 right 
decimal, TI1L838 no decimal. 


Ww 
~ 


Displays with multiplex or continuous operation 
TIL839, TIL842 common anode 
TIL840, TIL841 common cathode 
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TYPES 5082-7730, 5082-7731, 5082-7736, 5082-7740 
NUMERIC DISPLAYS 


BULLETIN NO, DL-S 12619, SEPTEMBER 1978 


SOLID-STATE RED DISPLAYS 


e 7,62-mm (0.300-Inch) Character Height e Continuous Uniform Segments 


e Wide Viewing Angle e Categorized for Uniformity of Luminous 
© High Contrast Intensity among Units within Each Category 


absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature, Each Segment or Decimal Point .........2.2...6V 
Peak Forward Current at (or below) 50°C Free-Air Temperature, 

Each Segment or Decimal Point .. . i eo woe ee ew we 6150 MA 
Average Forward Current at (or below) 50° C Pree: Air Temperstirs (See Notes 1 nd 2), 

Each Segment or Decimal Point . . 1. 1 we ew ee ee ee ee ee ee ee eee ee ee) 625mMA 
Operating Free-Air Temperature Range . 2... we ee ee ee ee ee ee ee ee 40°C to 85°C 
Storage Temperature Range ... SS se , tee ee ew ew ww ee 640°C to 85°C 
Lead Temperature 1,6 mm (1/16 Inch) beioi Seating Plane fet 3 Seconds gle. he te hy Ste SO wd 2B0%E 


operating characteristics of each segment or decimal point at 25°C free-air temperature 


5082-7730 
PARAMETER TEST CONDITIONS pene eee 7 40 
5082-7736 


MIN TYP MAX] MIN TYP MAX 
: F = 100 mA, 
Average Luminous Intensity 
er Segment (See Note 3) Duy evel = 0S 
aie If = 20 mA eo zee 
Segment-to-Segment Luminous Intensity Ratio 


Xp Wavelength at Peak Emission 

dd Dominant Wavelength (See Note 4) 

Adv Spectral Bandwidth 

VE Static Forward Voltage 

aye Temperature Coefficient of Forward Voltage 


Ir Static Reverse Current VR=6V 


mechanical data 





The display chips are mounted on a header and this assembly is then molded within an electrically nonconductive 
plastic case. To optimize device performance, materials are used that are limited to certain solvents for cleaning 
operations. It is recommended that only Freont TF, isopropanol, or water be used. 


5082-7730 5082-7731 5082-7736 5082-7740 


Pf 


COMMON ANODE, COMMON ANODE, UNIVERSAL, COMMON CATHODE, 
LEFT DECIMAL RIGHT DECIMAL RIGHT DECIMAL RIGHT DECIMAL 





tTrademark of E.!, duPont de Nemours, Inc. 
NOTES: 1, This average value applies for any 10-ms period. 
2. Derate linearly to 10 MA at 85°C free-air temperature at the rate of 0.25 mA/C. 
3, Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on Illumination) eye-response curve, 
4, The dominant wavelength is derived from the CIE Chromaticity Diagram and is the single wavelength that defines the color of the 
emitted light. 





Copyright © 1978 by Texas Instruments incorporated 
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TYPES 5082-7730, 5082-7731, 5082-7736, 5082-7740 
NUMERIC DISPLAYS 


5082-7730 
5082-7731 
5082-7740 


10,16 (0.400) 
9,65 (0.380) 










5,18 (0.204) 


7,62 (0.300) 


5,72 (0.225) 


3,94 (0.155) 
3,94 (0.155) 
& 
5082-7736 
10,16 (0.400) 
9,65 (0.380) 


4,06 (0.160) 10° 


4,42 (0,174) 





5082-7730 

5082-7731 

5082-7736 
6,10 (0.240} SEATING PLANE 
5,46 (0.215) 

mee Pike 

19,31 (0.760) 
18,79 (0.740) 


1,91 (0.075) 


52 (0.060) NOM 
2,54 (0.100) TP 
(See Note b) 
0,559 (0.022) 
0,457 (0.018) 


3,55 (0.140) MIN | | NOM 
ALL PINS 


4 _+ 


5082-7740 
6,10 (0.240) SEATING PLANE 
5,46 (0.125) 
1,52 (0.060) NOM 
2,54 (0.100) TP 
(See Note b) 
woe sar Sai 0,559 (0.022) 
ae va 0,457 (0.018) 


pee 
area F 


3,55 (0.140 ) MIN | banc 
10 PINS 


475) 


NOTES: a, All linear dimensions are in millimeters and parenthetically in inches, 
b, Each pin centerline is located within 0,26 mm (0.010 inch) of its true longitudina! position. 


c. All dimensions associated with segment and decimal point location are nominal. 


5082-7730 


LEFT 
{a 


DECIMAL @ 
POINT D 

PIN 1-CATHODEA 

PIN 2—CATHODE F 

PIN 3~ANODE: DIGIT & 
DECIMAL 

PIN 4—-OMITTED 

PIN 5-OMITTED 

PIN 6—CATHODE LEFT 
DECIMAL 

PIN 7—CATHODE E 

PIN 8-CATHODE D 

PIN 9—OMITTED 

PIN 10—CATHODE C 

PIN 11-CATHODE G 

PIN 12—-OMITTED 

PIN 13—CATHODE B 

PIN 14—ANODE: DIGIT & 
DECIMAL 

PIN 3 IS INTERNALLY 

CONNECTED TO PIN 14 


5082-7731 
A 


5082-7736 


| a 


Caz 


E J: 8. ki RIGHT 
RIGHT DECIMAL 
—_ @ DECIMAL @ POINT 
POINT 
PIN 1—CATHODE A’ PIN 1-ANOOE H 
PIN 2—CATHODE F PIN 2-OMITTED 
PIN 3—ANODE: DIGIT & PIN 3—CATHODE H 
DECIMAL PIN 4-CATHODE G 
PIN 4-OMITTED PIN 5—-CATHODE J 
PIN 5-OMITTED PIN 6—-ANODE J 
PIN 6—OMITTED PIN 7-ANODEG 
PIN 7—CATHODE E PIN 8—ANODE DECIMAL 
PIN 8—CATHODE D PIN 9—-OMITTED 
PIN 9-CATHODE RIGHT PIN 10-CATHODE DECIMAL 
DECIMAL PIN 11—-CATHODE C 
PIN 10—CATHODE C PIN 12—-CATHODE B 
PIN 11—CATHODE G PIN 13-ANODE 8 
PIN 12-OMITTED PIN 14—ANODE C 


PIN 13-CATHODE B 

PIN 14—ANODE: DIGIT & 
DECIMAL 

PIN 3 IS INTERNALLY 

CONNECTED TO PIN 14 
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5082-7730 
5082-7731 
5082-7736 


7,88 (0.310) 
7,36 (0.290) 


1,067 (0.042) 
0,965 (0.038) 






0,305 (0.012) 
0,203 (0.008) 
ALL PINS 


5082-7740 


7,88 (0.310) 
7,36 (0.290) 


1,067 (0.042) 
0,965 (0.038) 






0,305 (0.012) 
0,203 (0.008) 
10 PINS 


5082-7740 


Ey, 
ff I: 
RI 
SEEEET ant 


© veEcimAt 
POINT 


PIN 1—-CATHODE: DIGIT & 
DECIMAL 

PIN 2—ANODE F 

PIN 3—-ANODEG 

PIN 4—ANODE E 

PIN 5—-ANODE O 

PIN 6—-CATHODE: DIGIT & 
DECIMAL 

PIN 7-ANODE DECIMAL 

PIN 8-ANODE C 

PIN 9—-ANGDE B 

PIN 10-ANODE A 


PIN 11S INTERNALLY 
CONNECTED TO PING 
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TYPES TIL302, TIL303, TIL304 
NUMERIC DISPLAYS 


BULLETIN NO. DL-S 11470, APRIL 1971-REVISED MARCH 1976 


SOLID-STATE VISIBLE DISPLAY FAMILY WITH 
RED TRANSPARENT PLASTIC ENCAPSULATION 


@ 6,9-mm (0.270-Inch) Character Height e 
e High Luminous Intensity 





Sign, Overflow, Left or Right Decimal Capability 
© Wide Viewing Angle 
e Compatible with Most TTL and DTL Circuits 
e Each Unit Visually Checked for Uniformity of Elements 
mechanical data 


e Low Power Requirements 


The display chips are mounted on a header and this assembly is then cast within a red, electrically nonconductive, 
transparent plastic compound. Multiple displays may be mounted on 11,43-mm (0.450-inch) centers. 


TIL302 
TIL303 TIL304 


aoa 
3.79 10.149) 
SISOS 


SEATING PLANE 


10,67 (0.420) 
0,25 (0.010) NOM 2.68 10,380) 
4 SIDES 


10,67 (0.420) 
0,25 (0.010) NOM 9.66 (0.380) 
4@SIDES 


1,81 (0.078) MAX 
BOTH ROWS 


2.16 (0.085) 
39,31 (0.760) apinces 
4,4 (0.174) 18.29 (0.720) 0,808 (0.020) 
0,408 (0.076) 
0,76 (0.090) ALL PINS 
3.2 (0.127) MIN (See Nave bi 


¥ 


€5(0.190) : 
MIN 
0,48 (0.019) 


2.54 (0.100) T.P. 
IZPLACES 


7,62 2 0,26 {See Nowe d] 
OF PIN ROW OF PIN ROW | OF PIN ROW | OF PIN ROW (0.300 # 0.010) 


& OF PIN ROW ¢ OF PIN ROW 
NOTES: a. All linear dimensions are in millimeters and parenthetically in inches, 


b, Lead dimensions are not controlled above the seating plane, 


Centerlines of character segments and decimal points are shown as dashed lines. Assoclated dimensions are nominal. 
The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines, Each centerline is located within 
0,26 mm (0,010 inch) of its true longitudinal position relative to pins 1 and 11. 


TIL303 


AB.& 
DECIMAL 


(11) A 
(10) B 
(9) DECIMAL 


DECIMAL 


“PINS 4,5, AND 12 OMITTED PINS 5, 11, AND 12 OMITTED PINS 2, 3, 4, 5, 6, 12, AND 13 OMITTED 
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TYPES TIL302, TIL303, TIL304 
NUMERIC DISPLAYS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Reverse Voltage at 25°C Free-Air Temperature: 


Each Segment B26 Mk Say cal ot, Se has Se. AO ES Poe, ee ee oe Slaw. el Sw ee A 6V 

Decimal:Point- tis 4. «eon. tha Soe ed Be a ie Gee ce A ae See nd ee he dh arte . BV 
Peak Forward Current, Each Segment or Decimal Point (See Note 1)... ...... 46424... 200MA 
Continuous Forward Current: 

Each Segment or Decimal Point . . 2... 1. 1 we ee ee ee ee ee ee ee ee eee) 68OMA 

Total for TIL302, TIL3O3 2. ww ww ee ee ee ee ee ee ee ee ew eee 6 240MA 

Total: for TILSO4:« -5 i. ee ei ee a a ee wee eg, he ee ea a tae Bs Se TSO MA 
Operating Free-Air Temperature Range... 1. we ee ee ee ee ee ee ee ee) 6~OC to 70°C 
Storage Temperature Range... ww we ee ee ee ee ee ee ee ke —25°C to 85°C 


NOTE 1: This value applies for PRR > 60 Hz, duty cycle < 10%. 


operating characteristics of each segment at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS a lESte TESS Tits08 UNIT 
MIN TYP MAX|MIN TYP MAX 


ly Luminous Intensity (See Note 2) 100 275 100 275 ucd 
Xp Wavelength at Peak Emission 640 660 680 |640 660 680 
te =20mA 
| 
R 












4A Spectral Bandwidth | 20 | nm | 
Ve Static Forward Voltage | 3 34 38 | 


ip = 20 mA, 
ay Average Temperature Coefficient of Static Forward Voltage ee =0°C to 70°C 


IR Static Reverse Current Vr =6V ee) 


Cc Anode-to-Cathode Capacitance 












PARAMETER TEST CONDITIONS MIN TYP MAX} UNIT 
ly Luminous Intensity (See Note 2) | 40 110 = | ued | 
Ap Wavelength at Peak Emission 645 665 685 nm | 
IR i 






Ad Spectral Bandwidth 
Ve_ Static Forward Voltage 


a verage Temperature Coefficien of ‘atic For ward Voltage mvV/ Cc 
v Ta =0°C to 70°C 


Vanav 
VR=0,  £=1MHz 


Cc Anode-to-Cathode Capacitance 





NOTE 2: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 
IHumination) eye-response curve. 
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TYPES TIL302, TIL303, TIL304 
NUMERIC DISPLAYS 


TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


Ea thal 
ES eee a 





IF = 20 mA 
0.9 FT, = 25°C 


Relative Luminous Intensity 
f=) 
ou 


700 


nee 
FIGURE 1 


RELATIVE LUMINOUS INTENSITY 
vs 
FORWARD CURRENT 


20 mA 





Luminous Intensity Relative to Value at IF 


| -p—Forward Current—mA 
FIGURE 3 


RELATIVE LUMINOUS INTENSITY 
vs 


FREE-AIR TEMPERATURE 


IF = Constant 





Luminous Intensity Relative to Value at TA = 25°C 


0 10 20 30 40 50 60 70 


Ta—Free-Air Temperature—C 
FIGURE 2 


FORWARD CONDUCTION CHARACTERISTICS 


™ i a a a 
baat 


DECIMAL 
POINT eech 
: SEGMENT 
eS es | ae eee 
a 
i ae 


1 2 3 4 5 


VF—Forward Voltage—V 
FIGURE 4 









20 











{¢—Forward Current—mA 
~ 
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TYPES TIL302, TIL303, TIL304 
NUMERIC DISPLAYS 





TYPICAL APPLICATION DATA 
TIL302 TIL303 


Byv 


LI 





Veco ,O ¢ BoA ae GNO vec 0 Cc 8 A barns GND 
Vv ee ped Tl 
pep ineur BCD INPUT 


NOTES: A. R1 and R2 are selected for desired brightness. 
B. SN74L.47 may be used in place of SN7447A in applications where segment forward current will not exceed 20 mA. 


FUNCTION TABLE 
SN7447A 


DECIMAL 
INPUTS 
OR BI/RBOt 


FUNCTION LT RBI 


\~] 


a b 


~~ KILK KK KLK KK KK KK KKK KL 





2m EB Elo ZS LIS Le SIS tl Ss 


x 
m Re 2D Elie ee eee Ss Ss Se ee er rie 


-xi[o cr xrrlsrrrlre rer er|reeerer 
re x[rrcreer|zrrrer|jrrrerl|rirrerio 
rexlcercerl|zerxrrjJrriourl|zrregcer|> 


BY 
2 
x 





L 
L 
H 


G 
a 
x 
x 
x 
x 
x 


H = high level (logic 1 in positive logic), L = low level (logic 0 in positive logic), X = irrelevant. 


TBI/RBO is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO) . 
NOTES: 1. The blanking input (BI) must be open or held at a high logic level when output functions O through 15 are desired. The 
ripple-blanking input (RBI) must be open or high if blanking of a decimal zero is not desired. 
2. When a low logic level is applied directly to the blanking input (BI), all segment outputs are off regardless of any other 
input. 
3. When the ripple-blanking input (RBI) and inputs A, B, C, and D are at a low logic level with the lamp test input high, all segment 
outputs are off and the ripple-blanking output (RBO) of the decoder goes to a low level (response condition). 
4. When the blanking input/ripple blanking output (BI/RBO) is open or held high and a low is applied to the lamp-test input, all 
segments are illuminated. 





ie) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
NUMERICAL DESIGNATIONS—RESULTANT DISPLAYS 
RECOMMENDED DECODE/DRIVE WITH BCD INPUTS 
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The TIL303 and TIL304 are used in this application to make a three-digit display with sign, which is capable of 100% overrange (‘1"" plus three 
digits). The decimal point is located via an external range switch. The clear function will blank the overflow digit and reset the three digits to zero. 
Following resetting, input pulses will be counted, decoded, and displayed. 


Veco =5V 


BHT 


3 
OP 
10 8 
R1 R R1 
(See Note A} 
RANGE SWITCH 
(See Note B) 
PLUS-SIGN 
INPUT 
{See Note B) e O Q . . O 
: a 





COUNTER 
(INPUT 


CLEAR 


NOTES: A, R1 and R2 are selected for desired brightness. 
B. Grounding of any of these lines will itiuminate the associated function. 


\7/ « «+ Vee bus 


VLVG NOILVOIMNddV TWOIdAL 


SAV1dSI0 SIYIWNN 


VOETIL ‘EOENL ‘ZOEML SAdAL 


TYPE TIL305 
5 X 7 ALPHANUMERIC DISPLAY 


BULLETIN NO. DL-S 11495, MAY 1971—REVISED OCTOBER 1978 





SOLID-STATE VISIBLE DISPLAY WITH RED 
TRANSPARENT PLASTIC ENCAPSULATION 


e 7,62-mm (0.300-Inch) Character Height 

© High Luminous Intensity 

e Low Power Requirements 

e Wide Viewing Angle 

e 5X7 Array with X-Y Select and Decimal 

e Compatible with USASCII and EBCDIC Codes 
mechanical data 


The display chips are mounted on a header and this assembly is then cast within a red, electrically nonconductive, 
transparent plastic compound. Multiple displays may be mounted on 11,43-mm (0.450-inch). 


10,67 (0.420) 1.91 (0.075) MAX 


9,65 (0.380 BOTH ROMS 2,16 (0.085) MAX 
0,25 (0.010) NOM 4} ; 4 PLACES 
4 SIDES 


19,31 (0.760) 
18,29 (0.720) 


1,27 (0,050) 
NOM 
(See Note c) 
DECIMAL ogoo000n0 


POINT ooda 
. an {0.050) NOM 


0,51 (0.020) NOM 





TOP VIEW ORIENTATION 
2,54 (0.100) T.P. 
12 PLACES 
7,62 : 0.26 
3,18 (0.125) (0.300 : 0.010) (See Note b) 
279(0.110) 


4,5 (0.180) MIN 


0,508 (0.020) 
0,406 (0.016) 
DIA ALL PINS 


NOTES: a. All dimensions are in millimeters and parenthetically in inches, 
b, The true-position spacing is 2,54 mm (0.100 inch) between lead centerlines, 
Each pin centerline is located within 0.26 mm (0.010 inch) of its true 
longitudina! position, 
c, Vertical and horizontal spacing between centerlines of rows and columns 
nominally 1,27 mm (0.050 inch). 
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TYPE TIL305 
5 X 7 ALPHANUMERIC DISPLAY 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Reverse Voltage at 25°C Free-Air Temperature 2. 2 1. ee ee ee ee) 68M 
Peak Forward Current, Each Diode BN ie ob Ee a A GOA en's. Oa ch He et eG ee ee STOO MA 
Average Forward Current (See Note 1): 
Each. Diode: « -g-i.-i 48, hw we ee Wee WP AR Be Se Se rs EO hee OMA 
WOtal (ceo. Sh eet ee ee ds PO ee a oe a AO Se Be a ae BA re ay Be 200 mA 
Operating Free-Air Temperature Range . 2. 1. 1. 1 we ee ee 0° to 70°C | 
Storage Temperature Range i rrcreceeh Stel: Po ase eer Se aed, Se Fat, Pa Gy ha hae Ae AES raw Bree ee Bh Sy —25°C to 85°C 


operating characteristics of each diode at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
iy__Lominous Intosity (See Nowe 2 a0 110 ed | 
Ap Wavelength at Peak Emissi 640 660 680 
Pip Wavelonath atPeakEmision |e ama Pam | 
Ax__ Spectral Bandwidth [20am] 
Ve__ Static Forward Voltage 1.5 165 2 


ave Average Temperature Coeffici nt of Static | orward Voltage mV) Cc 
Vv TA =0°C to 70°C 


IR Static Reverse Current VR=a3V P10 A 
C — Anode-to-Cathode Capacitance VR=0,  f=1MHz | 80s 


NOTES: 1. This average value applies for any 1-ms period. 
2. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on Illumination) eye-response curve. 


















TYPICAL CHARACTERISTICS 


RELATIVE LUMINOUS INTENSITY 
VS 
RELATIVE SPECTRAL CHARACTERISTICS FREE-AIR TEMPERATURE 


IF = Constant 


25°C 
pes 






meal 
| 








Relative Luminous Intensity 


9 
iy 


Fe et 
Pelee te A sa 
PSII osc) 


STi eRe 
a 


_ 
aa 
P| 
pa 
| 
| | 
[=4 





Luminous Intensity Relative to Value at Ta 


0 0.1 
600 620 640 660 680 700 0 10 20 30 40 50 60 70 
A—Wavelength—nm Ta—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 
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Average Luminous Intensity Relative to 





Value at IFpy = 10mA 


TYPE TIL305 
5 X 7 ALPHANUMERIC DISPLAY 


TYPICAL CHARACTERISTICS 


RELATIVE LUMINOUS INTENSITY 
vs 













FORWARD CURRENT FORWARD CONDUCTION CHARACTERISTICS 
. See eee ria 
1.6 < 
1.4 | 
=e 
1.2 £ 
6 
1.0 Be) 
3 
0.8 = 
°o 
LL 
ee Ce ees ee 
OO 
i ALI tI tit 
a 
0 0.2 04 06 08 1.0 1.2 1.4 1.6 1.8 2.0 
lEM—Peak Forward Current--mA Ve—Forward Voltage-V 
FIGURE 3 FIGURE 4 


TYPICAL APPLICATION DATA 


Figure 5 illustrates a typical interface circuit between a character generator such as the TMS 4710 and a single TIL305 
alphanumeric display. The TMS 4710 is programmed to display upper and fower case alphanumeric characters with 
USASCII coding on the inputs of the character generator. 


The SN7490 and SN7442 multiplex the rows at a rate determined by the clock pulse rate supplied to the SN7490. The 
BCD count of the SN7490 is also used to select the proper row information from the TMS 4710 through inputs AO, 
Ai, and A2. The eight count from the SN7490 resets the counter to zero through the Rg inputs. USASCI! code 
information is applied to inputs A3 through AQ of the TMS 4710. Figure 6 illustrates the character that will be 
displayed by the TIL305 after all rows have been strobed. 


Since the basic ROM chip has a block layout of 8 X 8, it is necessary to blank some of the TMS 4710 outputs for the 
5 X 7 display. Row 1 of the 8 X 8 array, corresponding to row address 000 on AO, A1, and A2, is blanked. Note that 
row 1 of the TIL305 must be driven by output 2 of the SN7442 to pick up the first active row addressed as 001 on the 
row address lines. 
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TYPE TIL305 
5 X 7 ALPHANUMERIC DISPLAY 





TYPICAL APPLICATION DATA 


The TMS 4710 has TTL-compatible inputs and outputs, therefore level-shifting circuitry is not required. Its outputs can 
not drive the display directly, so discrete transistors are used to supply the aditional LED drive current. Additional 
information on the TMS 4710 can be found in the basic TMS 4700 data sheet in The Semiconductor Memory Data 


Book for Design Engineers. 


Usually the application requires more than one TIL305. Since the character generator is normally the most expensive 
part of the system, a substantial cost savings can be realized by using a single character generator and storing its 
information in additional memory. Since time is required to store and transfer the data, the LED duty cycle may 
decrease and additional peak current will be required to maintain display brightness. 


+H12V iz 


+5V SV 


ts 4710} Vcc Yoo Ves 
A3 


USASCII 
CODED 
(NPUT 





FIGURE 5 
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TYPE TIL305 


5 X 7 ALPHANUMERIC DISPLAY 


TYPICAL APPLICATION DATA 
RESULTANT DISPLAYS USING TMS4710 


WITH USASC11 CODED INPUTS 


EF 








FIGURE 6 (Sheet 1 of 2) 
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TYPE TIL305 


§ X 7 ALPHANUMERIC DISPLAY 


TYPICAL APPLICATION DATA 
RESULTANT DISPLAYS USING TMS4710 


WITH USASC11 CODED INPUTS 


PERS POPS YE © 








xj 


= 





OSs ce Fob be 





- a 


eve wea 





FIGURE 6 (Sheet 2 of 2) 
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TYPES TIL306, TIL307 
NUMERIC DISPLAYS WITH LOGIC 


BULLETIN NO. DL-S 11551, MARCH 1972—REVISED OCTOBER 1978 


SOLID-STATE DISPLAYS WITH INTEGRAL TTL MSI CIRCUIT CHIP FOR 
USE IN ALL SYSTEMS WHERE THE DATA TO BE DISPLAYED IS 






THE PULSE COUNT 
e 6,9-mm (0.270-Inch) Character Height e Easy System Interface 
@ High Luminous Intensity e Wide Viewing Angle 
© TIL306 Has Left Decimal © Internal TTL MSI Chip and Counter, Latch, Decoder, 
e TIL307 Has Right Decimal and Driver 


e Constant-Current Drive for Light-Emitting Diodes 


mechanical data 


The display chips and TTL MS! chip. are mounted on a header and this assembly is then cast within a red, electrically 
nonconductive, transparent plastic compound. Multiple displays may be mounted on 11,43-mm (0.450-inch) centers. 


3,79 (0.149) 
3,38 (0.133) 








SEATING PLANE. 








0,76 (0.030) 
veer. 45 (0.180) || ae PIN ASSIGNMENTS 

Peron PIN LATCH OUTPUT Qg 
0,203 10.006) (BINARY WEIGHT 2) 

7,82 + 0,28 PIN2 LATCH OUTPUT OQ¢ 

45 (0.175) {0.300 + 0.010) (BINARY WEIGHT 4) 

EOrriNs 44 (0.174) MAX teas PIN3 LATCH OUTPUT Op 
3.8 (0.160) “PLACES sBta noma (BINARY WEIGHT 8) 


PIN4 LATCH OUTPUT Qa 
(BINARY WEIGHT 1) 

PIN5 LATCH STROBE 
INPUT 

PING RIPPLE-BLANKING 

5.406 (0.016) INPUT 

PIN7 MAXIMUM-COUNT 
OUTPUT 

PINS GROUND 

PINS PARALLEL COUNT 
ENABLE INPUT 

PIN 10 SERIAL COUNT 
ENABLE INPUT 

PIN 11 RIPPLE-BLANKING 
OUTPUT 

PIN 12 CLEAR INPUT 

PIN 13 DECIMAL POINT 

2,54 (0.100) T.P. INPUT 

14 PLACES PIN 14 BLANKING INPUT 

(See Note d) PIN 15 CLOCK INPUT 

: PIN 16 SUPPLY VOLTAGE, 


Vcc 


8,5 (0.254) 





0,66 (0.026) 0,66 (0.026) 26,67 (1.050) 


25,65 (1.010) 
3,8 (0.150) 3,8 (0.150) 


OECIMAL 
POINT 
TIL307 


DECIMAL 
POINT 
TIL306 





oCln 109 Of ois 26s eo = 


LOGIC CHIP 





| 10,67 (0.420) 
9,66 (0.380) 


NOTES: a. All binear dimensions are in millimeters and parenthetically in inches, 
b, Lead dimensions are not controlled above the seating plane, 
c. Centerlines of character segments and decimal points are shown as dashed lines, Associated dimensions are nominal, 
d, The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines, Each centerline is located with 0,26 mm (0.010 inch) 
of its true longitudinal position relative to pins 1 and 16. ; 


TIL307 
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ne 
Go 
> 
LoGic ouTPUTS Vec 
MAX COUNT Qa OB Ac Ap TO LOGIC CHIP 
count ]SERIAU > a. 
ENABLE 1) i 
INPUTS | PARALLEL On | BD: Hr 
S| =< [ite 
CLOCK >o a Ta ai 
A | if 2m os on en 
ey 
»< 
> 
” 
— 
Z 
o 
sj 
Cc 
= TIL306 HAS LEFT DECIMAL 
7 TIL308 HAS RIGHT DECIMAL 
4 
7) 


BLANKING !NPUT NODE POINT 


LATCH INPUT INPUT 


STROBE 
INPUT 


CLEAR q> > RIPPLE BLANKING RBO DECIMAL 


—op ... Dynamic input activated by a transition from a high level to a low level 


SYNCHRONOUS BCD COUNTER, 4-BIT LATCH, DECODER/DRIVER, SEVEN-SEGMENT LED DISPLAY WITH DECIMAL POINT 


wesbeip y90]/q Jeu! DUN 


JIS01 HLIM SAVIdSIG JIBIINNN 


LOEML ‘SOETL S3dAL 


description 


TYPES TIL306, TIL307 
NUMERIC DISPLAYS WITH LOGIC 





These internaltly-driven seven-segment light-emitting-diode (LED) displays contain a BCD counter, a four-bit latch, and 
a decoder/LED driver in a single 16-pin package. A description of the functions of the inputs and outputs of these 


devices follows: 


FUNCTION 
CLEAR INPUT 


CLOCK INPUT 


PARALLEL COUNT 
ENABLE INPUT 
(PCE!) 


SERIAL COUNT 
ENABLE INPUT 
(SCEl) 


MAXIMUM COUNT 
OUTPUT 


LATCH STROBE 
INPUT 


LATCH OUTPUTS 
(Qa, OB, Oc, Ap) 


DECIMAL POINT 
INPUT 


BLANKING INPUT 
(Bl) 


RIPPLE-BLANKING 
INPUT 
(RBI) 


RIPPLE-BLANKING 
OUTPUT 
(RBO) 


PIN NO. 
12 


15 


10 


4,1,2,3 


13 


14 


11 


DESCRIPTION 
When low, resets and holds counter at 0. Must be high for normal 
counting. 


Each positive-going transition will increment the counter provided that the 
circuit is in the norma! counting mode (serial and parallel count enable 
inputs low, clear input high). 


Must be low for normal counting mode. When high, counter will be 
inhibited. Logic teve! must not be changed when the clock is low. 


Must be fow for normal counting mode, also must be low to enable 
maximum count output to go low. When high, counter will be inhibited 
and maximum count output will be driven high. Logic level must not be 
changed when the clock is low. 


Will go low when the counter is at 9 and serial count enable input is low. 
Will return high when the counter changes to 0 and will remain high during 
counts 1 through 8. Will remain high (inhibited) as long as serial count 
enable input is high. 


When low, data in latches follow the data in the counter. When high, the 
data in the latches are held constant, and the counter may be operated 
independently. 


The BCD data that drives the decoder can be stored in the 4-bit latch and 
is available at these outputs for driving other logic and/or processors. The 
binary weights of the outputs are: Qa = 1, Qp = 2, Ac = 4, Qp = 8. 


Must be high to display decima! point. The decimal point is not displayed 
when this input is low or when the display is blanked. 


When high, will blank (turn off) the entire display and force RBO low. 
Must be low for normal display. May be pulsed to implement intensity 
control of the display. 


When the data in the latches is BCD 0, a low input will blank the entire 
display and force the RBO low. This input has no effect if the data in the 
latches is other than O. 


Supplies ripple-blanking information for the ripple-blanking input of the 
next decade. Provides a low if BI is high, or if RBI is tow and the data in 
the latches is BCD 0; otherwise, this output is high. This pin has a resistive 
pull-up circuit suitable for performing a wire-AND function with any 
Open-collector output. Whenever this pin is low the entire display will be 
blanked; therefore, this pin may be used as an active-low blanking input. 


The TTL MSI circuits contain the equivalent of 86 gates on a single chip. Logic inputs and outputs are completely 
TTL/DTL compatible. The buffered inputs are implemented with relatively large resistors in series with the bases of the 
input transistors to lower drive-current requirements to one-half of that required for a standard Series 54/74 TTL input. 
The serial-carry input, actually two internal toads, is rated as one standard series 54/74 load. 
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TYPES TIL306, TIL307 
NUMERIC DISPLAYS WITH LOGIC 





description (continued) 


The logic outputs, except RBO, are active pull-up, and the latch outputs Qa, Qg, Qc, and Op are each capable of 
driving three standard Series 54/74 loads at a low logic level or six loads at a high logic level while the maximum-count 
output is capable of driving five Series 54/74 loads at a low logic level or ten Joads at a high logic level. The RBO node 
with passive pull-up serves as a ripple-blanking output with the capability to drive three Series 54/74 loads. 


The LED driver outputs are designed specifically to maintain a relatively constant on-level current of approximately 
seven milliamperes through each LED segment and decimal point. All inputs are diode-clamped to minimize 
transmission-line effects, thereby simplifying system design. Maximum clock frequency is typically 18 megahertz and 
power dissipation is typically 600 milliwatts with all segments on. 


The display format is as follows: 





The displays may be interconnected to produce an n-digit display with the following features: 
@ Ripple-blanking input and output for blanking leading or trailing zeroes 
@ Floating-decima!-point logic capability 
@ Overriding blanking for suppressing entire display or pulse-modulation of LED brightness 


@ ual count-enable inputs for parallel look-ahead and serial ripple logic to build high-speed fully synchronous, 
multidigit counter systems with no external logic, minimizing total propagation delay from the clock to the 
last latch output 


@ Provision for ripple-count cascading between packages 
®@ Positive-edge-triggered synchronous BCD counter 


@ Parallel BCD data outputs available to drive logic processors or remote slaved displays simultaneously with 
data being displayed 


® Latch strobe input allows counter to operate while a previous data point is displayed 


8 @ Reset-to-zero capability with clear input 
absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Supply Voltage, Vcc (See Note 1): Continuous. 2. 2.) we ee ee ee eee ee SEV 

Nonrepetitive Peak, ty <100ms 2... 1. 1 6. ee ee ee ee ee ee UTM 
Input Voltage (See Note 1) .... Shedd of Seok ee ee ee aS ot Ga ae er han el DO 
Operating Case Temperature Range (See Note 2) ee ce SOAS Oh he Bek ee Aa Mew he Bok 2s OC to 85°C 
Storage Temperature Range es oa : Ge aaa See toy St eee, alte, See le cae § —25°C to 85°C 


NOTES: 1. Voltage values are with respect to iietwork ecard terial: 
2. Case temperature is the surface temperature of the plastic encapsulant measured directly over the integrated circuit. Forced-air 
cooling may be required to maintain this temperature. 


recommended operating conditions 


Supply Voltage, Vcc 4.75 


25 [ 
Low Logic Level On, Op. Qc, Op, RBO 
: PRteximum Coun 


eee eer energy Se fReO|=S™~—“S™C~SOCOCSC‘CNYCC#OB‘C 


(to Series 54/74 tntegrated Circuits) High Logic Level | Ga, Og, Oc, Op 


High Logic Level 
Clock Pulse Width, tw(clock) Low Logic Levet 
Clear Pulse Width, tw(clear) 
Latch Strobe Pulse Width, tyw(Jatch strobe) 


Serial Carry and Parallel Carry 


Setup Time, t. See N 
p setup (See Note 3) Clear Inactive State 


NOTE 3: Minimum setup time is the interval immediately preceding the positive-going edge of the clock pulse during which interval the data to 
be recognized must be maintained at the input to ensure its recognition. 
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operating characteristics at 25°C case temperature 


PARAMETER MIN TYP MAX {UNIT 
Luminous Intensity Figure FY 700 1200 


” (See Note 4) Decimal Point 40 70 


Xp Waveléngth at Peak Emission Vec=5V, See Note 5 640 660 680 
Ar Spectra! Bandwidth Vec=5V, See Note 5 


TEST CONDITIONS 


Vec=5V 





Vit Low-Level Input Voitage 


Vik Input Clamp Voltage 
RBO Vcc = 4.75 V, Ion = —120 nA 

VoH_ High-Level Output Voltage Qa, Og, Qc, Ap 

Maximum Cou 

Low-Level Output Voltage Qa, Og, Oc, Ap, RBO 





E/E 


OF _(See Note 6) Yeors./5¥, loL=8.mA 
' Input Current at Maximum Input Voltage Veco =5.25V, Vy=5.5V 


Serial Carry 
NH High-Level Input Current RBO Node 
Other Inputs 
Serial Carry 
RBO Node 
Other Inputs 


| Short-Circuit Output Current On, Op. Ac. OD Vv 5.25 V —-9 —27.5 ae 
rt-Circul utpu urr =5, 
= Mexinum Gout | VP =e =a 


tau typical values are at Voc = 5 V. 
NOTES: 4. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on Hlumination) eye-response curve. 
5. These parameters are measured with all LED segments and the decimal point on. 
6. This parameter is measured with the display blanked. 


Vec=5.25V, Vjp=2.4V 





.s = 





te Low-Level Input Current Veco =5.25V, Vj =0.4V 











3 
> 





switching characteristics, Vcc = 5 V, Tc = 25°C 


FROM TO 
PARAMETER & ; TEST CONDITIONS MIN TYP MAX | UNIT 
(INPUT) (OUTPUT) 


eee ee eee (be ee 
t fe ee | 
Serial Look-Ahead Maximum Count 





t See Fi 1 

Clock Maximum Count a aaa 

| lc 
Pa 

‘ee MRO cere | ee ee —a—| = | 


t . 
See FiguKe 


Stay = Maximum clock frequency 
tPLH = Propagation delay time, low-to-high-level output 
tpHtL = Propagation delay time, high-to-low-level output 


ae ae ee 





OUTPUT Vec 
RL 


NOTES: A. Cy, includes probe and jig capacitance. 


F 
HOM OULEST B. All diodes are 1N3064. 


UNDER TEST 


T— CL = 15 pF 


LOAD CIRCUIT—FIGURE 1 
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TYPICAL CHARACTERISTICS 


RELATIVE LUMINOUS INTENSITY 
RELATIVE SPECTRAL CHARACTERISTICS vs 


CASE TEMPERATURE 


Relative Luminous Intensity 





Luminous Intensity Relative to Value at Tc = 25°C 


600 620 640 660 680 700 0 10 20 30 40 50 60 70 
A—Wavelength—nm Tc—Case Temperature—C 
FIGURE 2 FIGURE 3 


TYPICAL APPLICATION DATA 
This application demonstrates how the displays may be cascaded for N-bit display applications. It features: 
Synchronous, look-ahead counting 
Ripple blanking for leading zeros 
Overriding blanking for total suppression or intensity modulation of display 


Direct parallel clear 
Latch strobe permits counter to acquire data for the next display while viewing current display. 


For other counter configurations, see Counting Circuits Using TIL306 and TIL308 LED’s on page 257. 
MORE DIGITS MAY BE 























CONNECTED HERE 
MOST-SIGNIFICANT 1 LEAST-SIGNIFICANT 
DIGIT | LATCH OUTPUTS DIGIT 
CLOCK INPUT | 
scaiaiele SS 6 a 
INPUT En Ea a8 
Qa Og Oc AD 
stref{~ {| ck stref~ | cK 

RIPPLE __| ae | 
BLANKING t D CORBI RBOP CG rsi 
INPUT rs a 

o—> COUNT SCEI ny " 

PCEI p PCE! 

A BI CLEAR DP 
OVERRIDING Lt Lt ] 
BLANKING INPUT. L St ee as 
CLEAR INPUT =H aa 


DECIMAL POINT 
INPUTS 


tthe serial carry input of the least-significant digit is normally grounded; however, it may be used as a count-enable control for the entire 


counter (high to disable, low to count) provided the logic level on this pin is not changed while the clock tine is low or false counting may 
result. 
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SOLID-STATE VISIBLE DISPLAYS WITH INTEGRAL TTL MSI CIRCUIT CHIP 
FOR USE IN ALL SYSTEMS REQUIRING A DISPLAY OF BCD DATA 


e 6,9-mm (0.270-Inch) e Easy System Interface 


Character Height e Wide Viewing Angle 


e TIL308 Has Left Decimal e Internal TTL MSI Chip with Latch, Decoder, and Driver 
e TIL309 Has Right Decimal e Constant-Current Drive for Light-Emitting Diodes 
mechanical data 


The display chips and TTL MSI! chip are mounted on a header and this assembly: is then cast within a red, electrically 
nonconductive, transparent plastic compound. Multiple displays may be mounted on 11,43-mm (0.450-inch) centers. 


3,79 (0.149) 
3,38 (0.133) 


SEATING PLANE ———— 
{See Note b} {|| 76 10-090) PIN ASSIGNMENTS 


FOR BOTH TYPES 


PIN4 LATCH OUTPUT O 
ata (BINARY WEIGHT cM 
‘a area PIN2 LATCH OUTPUT Qc 
GOFPING 44 (0.174) aa 191 (0.075) (BINARY WEIGHT 4) 
3,8 (0.150) coe 4 PLACES PIN3 LATCH OUTPUT Ap 
, (BINARY WEIGHT 8) 
PIN4 LATCH OUTPUT Qa 
(BINARY WEIGHT 1) 
PINS LATCH STROBE INPUT 
PIN6 LATCH DATA INPUT Cc 
(BINARY WEIGHT 4) 
PIN7 LATCH DATA INPUT D 
(BINARY WEIGHT 8) 
PINS GROUND 
PINS NO INTERNAL 
CONNECTION 
PIN 10 LATCH DATA INPUT B 
(BINARY WEIGHT 2) 
PIN 11 BLANKING INPUT 
PIN 12 LATCH DATA INPUT DP 
PIN 13 LED TEST 
seoassite PIN 14 LATCH OUTPUT DP 
' i PIN 15 LATCH DATA INPUT A 
angers (See Note (BINARY WEIGHT 1) 
| PIN 16 SUPPLY VOLTAGE, 


10,67 (0.420) Vv 
9,65 (0.380) ce 


~ 
o' 


= 
wn 


- 
r 


26,67 (1.050) 


25,66 (1.010) 


_ 
e 


~y 
c) 


2 
= 


DECIMAL 
POINT 
TIL309 


2 
° 


1 
4 
2 
i 
3 
mt 
4 
q 
5 
Ql 
6 
A 
7 
G 
8 


NOTES: a, All linear dimensions are in millimeters and parenthetically in inches, 
b. Lead dimensions are not controlled above the seating plane. 
c. Centerlines of character seqments and decimal points are shown as dashed lines. Associated dimensions are nominal. 
d. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines. Each centerline is located within 
0,26 mm (0.010 inch) of its true longitudinal position relative to pins 1 and 16. 


TIL309 . 
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description 
These internally-driven seven-segment light-emitting-diode (LED) displays contain a five-bit latch and a decoder/LED 
driver in a single 16-pin package. A description of the functions of the inputs and outputs of these devices follows: 
FUNCTION PIN NO. DESCRIPTION 


LATCH STROBE INPUT 5 When low, the data in the latches follow the data on the latch inputs. 
When high, the data in the latches are held constant and are unaffected by 
new data on the latch inputs. 


LATCH DATA INPUTS 15,10,6,7,12 Data on these inputs are entered into the latches under the control of the 


A, B, C, D, DP latch strobe input. The binary weights of the inputs are: A= 1, B =2, 
C = 4, D =8. DP is decimal point latch data input. 

LATCH OUTPUTS 4,1, 2,3, 14 The BCD data that drives the decoder is stored in the five latches and is 

Qa, Op, Qc, Ap, App available at these outputs. The binary weights of the outputs are: Qa = 1, 
Og = 2, Qc = 4, Qp = 8. App is decimal point latch output. 

BLANKING INPUT 11 When low, will blank (turn off) the entire display. Must be high for normal 
operation of the display. 

LED TEST INPUT 13 When low, will turn on the entire display, overriding the data in the latches 


and the blanking input. Must be high for normal operation of the display. 


FUNCTION TABLE 


LATCH INPUTS BLANKING | LED LATCH OUTPUTS DISPLAY 
FUNCTION 
D A DP STROBE] INPUT | TEST|Qp Qc Qg Qa OApp| TIL308 TIL309 





ele 
I 
a) Be 
go |e 
y {4 
5S |S 
Ee ill a6 
7 ‘i 
Hp | a 
g/g 

A 


m 


BLANK 


LED TEST 





H = high level, L = low Jevel, X = irrelevant. 
DP input has arbitrarily been shown activated (high) on every other fine of the table, 
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description (continued) 


The TTL MS! circuits contain the equivalent of 78 gates on a single chip. Logic inputs and outputs are completely 
TTL/DTL compatible. The buffered inputs are implemented with relatively large resistors in series with the bases of the 
input transistors to lower drive-current requirements to one-half of that required for a standard Series 54/74 TTL input. 


Some of the additional features of these displays are as follows: 
e tLatched BCD and decimal point logic outputs provided to drive logic processors simultaneously with the 
displayed data 


Minimum number of inputs required . . . 4-line BCD plus decimal point 

Overriding blanking for suppressing entire display or for pulse-modulation of LED brightness 
LED test input to simultaneously turn on all display segments and decimal point 

Can be operated in a real-time mode or latched-update-only mode by use of the latch strobe input 
Displays numbers 0 thru 9 as well as A, C, E, F, or minus sign 

Can be blanked by entry of BCD 13 or by use of the blanking input 


Decimal point controlled independently with decimal-point latch 


Constant-current-source TTL-LED interface for optimum performance. 


The latch outputs except Opp are active pull-up, and each one, except Opp, is capable of driving three standard 
Series 54/74 loads. The LED driver outputs are designed specifically to maintain a relatively constant on-level current 
of approximately seven milliamperes through each LED segment and decimal point. All inputs are diode-clamped to 
minimize transmission-line effects, thereby simplifying system design. Power dissipation is typically 575 milliwatts with 
all segments on. 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Supply Voltage, Vcc (See Note 1): Continuous . 2. ww ee ee ee ee ee SEV 

Nonrepetitive Peak, tyw<100ms .......2.2.22.4.24.+424... #7V 
Input Voltage (See Note 1) 2 2. 1 wee ee ee ee ee ee ee ee ew ee ee ew ee BV 
Operating Case Temperature Range (See Note2)  . 2... ee eee eee ee ee ee OC to 85°C 
Storage Temperature Range. ww ww ee ee ee ee ee 25°C to 85°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
ar 2. Case temperature is the surface temperature of the plastic encapsulant measured directly over the integrated circuit. Forced-air 
es, cooling may be required to maintain this temperature. 


‘ 


recommended operating conditions 


| MIN NOM MAX [UNIT 


“| Supply Voltage, Voc 


Normalized Fan-out from each output, N 
(to Series 54/74 Integrated Circuits) 


Latch Strobe Pulse Width, tw 
Setup Time, tsetup (See Note 3) 
Hold Time, thoig (See Note 4) 





NOTES: 3. Minimum setup time is the interval immediately preceeding the positive-going transition of the latch strobe during which interval 
the data to be latched must be maintained at the latch inputs to ensure its recognition. 
4. Minimum hold time is the interval immediately following the positive-going transition of the latch strobe during which interval 
the data to be latched must be maintained at the latch inputs to ensure its continued recognition. 
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operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS MIN TyPt MAX 


I Luminous Intensity (See Note 5) Figure 8 Vv 5V eae 
u nsi 
y " i Decimal Point ce 


7 40. 70 
Ap Wavelength at Peak Emission Vcc=5V, See Note 6 640 660 
4A ~~ Spectral Bandwidth Vec=5V, See Note 6 















UNIT 


v1 


Vine High-Level Input Voltage Pe ee 
Vit_ Low-Level Input Voltage eee ee | 
Vik Input Clamp Voltage Vec =4.75 V, ly =—-12mA 


Voc =4.75V, | =—120 nA 
VoH High-Level Output Voltage Opp cc OH e 
Qa.Qg,Qc,Qp | Vec=4.75V, loy = —240 HA 
Vcc =4.75 V, | =1.6mA 
VoL Low-Level Output Voltage (See Note 7) Cae ec ee us 
Qn,Og.0¢,0p | Vcc =4.75V, IpL =4.8mA 


ty Input Current at Maximum Input Voltage] | Vc = 5.25 V, Vj =5.5V 
ltt «© High-Level Input Current Vec =5.25V, Vv, =2.4V 
tii Low-Level Input Current Vcc =5.25V, V, =0.4V -0.8 


Qa,Qp,Q¢,Q -9 -—27.5 
log Short-Circuit Output Current Vcc = 5.25 V 


!cc Supply Current Vcc = 5.25 V, All Inputs at 0 V 


Tall typical values are at Vcc =5 V. 
NOTES: 5. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on Illumination) eye-rasponse curve. 
6. These parameters are measured with all LED segments and the decimal point on. 
7. This parameter is measured with the display blanked. 








o 


switching characteristics, Vcc = 5 V, Tc = 25°C 


| PARAMETER | FROM (INPUT) TO (OUTPUT) TEST CONDITIONS MIN TYP MAX] UNIT 
| tern = F, R; = 3 : 
See Figure 1 


tpLH = Propagation delay time, !ow-to-high-level output 
tpHL = Propagation delay time, high-to-low-level output 












PARAMETER MEASUREMENT INFORMATION 


OUTPUT Vcc 


Rv 
FROM OUTPUT 
UNDER TEST 


T CL = 15 pF 


NOTES: A. Cy, includes probe and jig 
B capacitance, 
B. All diodes are 1N3064. 
C. Measurements made with 
latch strobe input grounded. 


LOAD CIRCUIT—FIGURE 1 
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TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


| Ce 
lead ec ieee 
(Seer tnses 
(SRR er Ree 


lee Pec licl aes len 22a 
Re 2a eRe 


600 620 640 660 680 700 
A-Wavelength—nm 


Relative Luminous Intensity 





FIGURE 2 


RELATIVE LUMINOUS INTENSITY 
vs 
CASE TEMPERATURE 


=25°C 
ft 


Luminous Intensity Relative to Value at Tc 





Tc—Case Temperature—C 


FIGURE 3 
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SOLID-STATE VISIBLE HEXADECIMAL DISPLAY WITH 
INTEGRAL TTL CIRCUIT TO ACCEPT, 
STORE, AND DISPLAY 4-BIT BINARY DATA 


© 7,62-mm (0.300-Inch) e Wide Viewing Angle 
Character Height o Internal TTL MSI Chip with Latch, Decoder, and Driver 
e High Brightness o Operates from 5-Volt Supply 


e Left-and-Right-Hand Decimals  GConstant-Current Drive for Hexadecimal Characters 


© Separate LED and Logic Power 5 Easy System Interface 
Supplies May Be Used 


mechanical data 


The display chips and TTL MSI chip are mounted on a header and this assembly is then cast within a red, electrically 
nonconductive, transparent plastic compound. Multiple displays may be mounted on 11,43 mm (0.450 inch) centers. 


10,67 (0.420) 


@ OF PINA 9,65 (0.380) 1,91 (0.075) MAX Hevea 
8 (0.150) (0.300 t 0.010) 
0,25 (0.010) NOM fe 1.91 (0.075) MAX 
4SIDES 7,6 (0.300) MIN 


1,78 (0.070) : ALL PINS 


19,31 (0.760) 
18,29 (0.720) 0,508 (0.020) 
0,406 (0.016) 
ALL PINS 


2,54 (0.100) TP 
12 PLACES 
{See Note d} 





2,16 (0.085) MAX 


PIN1 LED SUPPLY VOLTAGE 
ae PIN 2. LATCH DATA INPUT B 
SEATING " PIN3 LATCH DATA INPUT A 
PLANE ses PIN4 LEFT DECIMAL POINT CATHODE 
PINS LATCH STROBE INPUT 
4,5 (0.180) MIN PING OMITTED 
PIN 7 COMMON GROUND 
PINS BLANKING INPUT 
|e 2.595 0.072) at pins PINS OMITTED 
(See Note b) PIN 10 RIGHT DECIMAL POINT CATHODE 
PIN 11 OMITTED 
PIN 12 LATCH DATA INPUT D 
PIN 13 LATCH DATA INPUT C 


PIN 14 LOGIC SUPPLY VOLTAGE, Vcc 


. All linear dimensions are in millimeters and parenthetically in inches, 
b. Lead dimensions are not controlled above the seating plane. 
. Centerlines of character seqments and decimal points are shown as dashed lines, Associated 
dimensions are nominal. 
. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines. Each centerline is 
Jocated within 0,26 mm (0.010 inch) of its true longitudinal position relative to pins 1 and 14, 





778 


TEXAS INSTRUMENTS. 245 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPE TIL311 
HEXADECIMAL DISPLAY WITH LOGIC 





description 


This hexadecimal display contains a four-bit latch, decoder, driver, and 4 X 7 light-emitting-diode (LED) character with 
two externally-driven decimal points in a 14-pin package. A description of the functions of the inputs of this device 
follows. 


FUNCTION PIN NO. DESCRIPTION 


LATCH STROBE INPUT 5 When low, the data in the latches follow the data on the latch data inputs. 
When high, the data in the latches will not change. If the display is blanked 
and then restored while the enable input is high, the previous character 
will again be displayed. 


BLANKING INPUT 8 When high, the display is blanked regardless of the levels of the other 
inputs. When low, a character is displayed as determined by the data in the 
latches. The blanking input may be pulsed for intensity modulation. 


LATCH DATA INPUTS ~— 3, 2, 13, 12 Data on these inputs are entered into the latches when the enable input is 


(A, B, C, D) low. The binary weights of these inputs are A= 1,B = 2,C =4,D=8. 
,;DECIMAL POINT 4,10 These LEDs are not connected to the logic chip. If a decimal point is used, 
CATHODES an external resistor or other current-limiting mechanism must be connect- 


ed in series with it. 


LED SUPPLY 1 This connection permits the user to save on regulated Vcc current by 
using a separate LED supply, or it may be externally connected to the 
logic supply (Vcc). , 


LOGIC SUPPLY (Vcc) 14 Separate Vcc connection for the logic chip. 


COMMON GROUND 7 This is the negative terminal for all logic and LED currents except for the 
decimal points. 


The LED driver outputs are designed to maintain a relatively constant on-level current of approximately five 

milliamperes through each of the LED’s forming the hexadecimal character. This current is virtually independent of the 
LED supply voltage within the recommended operating conditions. Drive current varies slightly with changes in logic 
supply voltage resulting in a change in luminous intensity as shown in Figure 2. This change will not be noticeable to 
the eye. The decimal point anodes are connected to the LED supply; the cathodes are connected to external pins. Since 
there is no current limiting built into the decimal point circuits, this must be provided externally if the decimal points 
are used. 


The resultant displays for the values of the binary data in the latches are as shown below. 


O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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functional block diagram 


LEO 
SUPPLY 











LATCH B 
DATA 
INPUTS c 


CONSTANT 
CURRENT 
DRIVER 


4BIT 


LATCH 4 DECODER 


LATCH BLANKING 
STROBE INPUT 
INPUT 
LEFT RIGHT 
DECIMAL DECIMAL 
POINT POINT 
CATHODE CATHODE 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 





Logic Supply Voltage, Vcc (See Note?) «2 6 ww ee ee ee ee ee ee es UT 
LED Supply Voltage (See Note 1). . Cathe ene ie Ga ane Bh Rte tame eo. OR 
Input Voltage (Pins 2, 3, 5, 8, 12, 13; See Note 1) Siw lop Set Seay lay Ta Bo cae: we Me ee eG a, a ey DIO 
Decimal Point Current .... Bee he BAe ae a eh ON RA A ce HE cs as, VLOIMA 
Operating Case Temperature Range (See Note 2) eee Tae Tata See tk a Se Sake Ee ee ey ee ae 0°C to 85°C 
Storage Temperature Range 6 ww ee ee ee ee EPEC to 85°C 


NOTES: 1. Voltage values are with respect to common ground terminal. 
2. Case temperature is the surface temperature of the plastic encapsulant measured directly over the integrated circuit. Forced-air 
cooling may be required to maintain this temperature. 


recommended operating conditions 


MIN NOM MAX UNIT 
Logic Supply Voltage, Vcc. ww we ee ee ee ee ee) 64 OS 55 V 


LED Supply Voltage, VLED «we ee ee ee 4 5 55 V 
Decimal Point Current, lF(pP) - 6 6 ee ee ee ee 5 mA 
Latch Strobe Pulse Width, tw 2. 2. 6 6 ee eee ee ee ee es 40 ns 
Setup Time, tsetup (See Note3) . . 2 ee ee ee ee ee ee 80 ns 
Hold Time, thoig (See Note4) 6 ww ew ee ee ee AO ns 


NOTES: 3. Minimum setup time ts the interval immediately preceding the positive-going transition of the Jatch strobe input during which 
interval the data to be displayed must be maintained at the latch data inputs to ensure its recognition. 
_4. Minimum hold time is the interval immediately following the positive-going transition of the latch strobe input during which 
interval the data to be displayed must be maintained at the latch data inputs to ensure its continued recognition. 
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operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS MIN TYP. MAX|UNI 


Average Per |Vcc=5V, VLED=5V, 
ly Luminous Intensity (See Note 4) Character LED] See Note 5 


Each decimal |!F(pp)=5mA 
rp Wavelength at Peak Emission Vec=5V, VLED=5V, 640 660 680 
Ad Spectral Bandwidth lF(DP) = 5mA, See Note 6 


ViH__ High-Level Input Voltage fe ee | 


Vit Low-Level Input Voltage 


aa 
Vik Input Clamp Voltage 
ly Input Current at Maximum Input Voltage 
lH = High-Level Input Current 
(},, Low-Level Input Current 


lec Logic Supply Current Vec=5.5V, ViLEp=5.5V, 
LED LED Supply Current le(pp) =5mMA, Allinputs atO V 





NOTES: 4. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on Illumination) eye-response curve. 
5. This parameter is measured with A displayed, then again with E displayed. 
h 


6. These parameters are measured wit Bt displayed. 





TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


a 
aii |_| 











0.9 | To = 26°C 


MM 
peste Nees ee Meds 
EREBESE SEE 
Giese 
SSR Rae eae 
pet eats ed ECE esy 
peal iste eal 9 
aa a i 
ep 2a 


600 620 640 660 680 700 
A—Wavelength—nm 





Relative Luminous Intensity 
o 
oa 








FIGURE 1 
RELATIVE LUMINOUS INTENSITY RELATIVE LUMINOUS INTENSITY 
v vs 
LOGIC SUPPLY VOLTAGE CASE TEMPERATURE 

> 2 
wo N 
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g 3 
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2 3 
ea) at 
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TYPES TIL312, TIL313, TIL327 
NUMERIC DISPLAYS 


BULLETIN NO. DL-S 12129, NOVEMBER 1974—REVISED SEPTEMBER 1978 





SOLID-STATE VISIBLE DISPLAYS WITH RED CHARACTERS 


e 7,62-mm (0.300-inch) Character Height ° 


@ Continuous Uniform Segments ° 


High Contrast 
Categorized for Uniformity of Luminous 


Intensity among Units within Each Category 


e Wide Viewing Angle 


mechanical data 


NOTES: a. All linear dimensions are in millimeters and parenthetically in inches. 
b. The true position spacing (T.P.) between centerlines is 2,54 mm (0,100 inch). 
Each pin centerline is within 0,26 mm (0.010 inch) of its true longitudinal 


position relative to pin 1. 
. All dimensions associated with segments and decimal points are nominal. 


d, Left decimal point of TIL313 is not operational, 


TIL312 AND TIL313 TIL327 


5,2 (0.204) 


LEFT DECIMAL 
POINT 
(SEE NOTE d) 
4,2 (0.165) 
5,1 (0.200) 
¢ DIGIT 


TIL312 


LEFT 
DECIMAL @ 
POINT 


RIGHT 
@ DECIMAL 


PINS 4,5, AND 12 OMITTED PINS 1, 7, B, AND 14 OMITTED 





10,16 (0.400) 
6,10 (0.240) ane] “9,65 (0.380) 


5,46 sears] | 


3,5 (0.140) MIN 
a PINS 


SEATING 
PLANE a6 (0.012) 
0: 
7,62 + 0,26 ‘0.203 (0.008) 
(0.300 + 0.010) 


0,559 (0.022) 
0,457 (0.018) 
ALL PINS 


19,31 (0.760) ei 


18,79 (0.740) | 21" 
010 


2,54 (0.100) T.P. 
(SEE NOTE b) 


TIL327 


PINS 2, 3, 5, 6, 12. AND 13 OMITTED 


Copyright © 1978 by Texas Instruments Incorporated 
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TYPES TiL312, TIL313, TIL327 
NUMERIC DISPLAYS 





mechanical data (continued) 


The display chips are mounted on a header and this assembly is then molded within an electrically’ nonconductive 
plastic case. To optimize device performance, materials are used that are limited to certain solvents for cleaning 


operations. It is recommended that only Freon TFT, isopropanol, or water be used. For high contrast, the displays have 
a black body. 


absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature, Each Segment or Decimal Point .........4+-+.. #3V 
Peak Forward Current at (or below) 25°C Free-Air Temperature, 


Each Segment or Decimal Point . . . . we ee ew ew eh ew ew 150MA 
Average Forward Current at (or below) 25° c Free- Air Teniperature (See Notes 1 nd 2), 

.tch Segment or Decimal Point . 2... 1 1 ee ee ee ee eh ee ee ee ee ee )6L2EMA 
Operating Free-Air Temperature Range. ww 1 we ee ee tt et he ht —25°C to 85°C 
Storage Temperature Range. . wee tee ee ee ee 625°C to 85°C 


Lead Temperature 1.6 mm (1/16 Inch) Below Seating Plane for 5 Seconds . a ae eee ee eo 


NOTES: 1. This average value applies for any 10-ms period. 
2. Derate linearly to 10 mA at 85°C free-air temperature at the rate of 0.25 mA/°c. 


operating characteristics of each segment or decimal point at 25°C free air temperature 


is ' (See Note 3) Decimal! Point 
Luminous Intensity Ratio per segment 


NOTE 3: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 
Illumination) eye-response curve. 





trademark of E, |. duPont de Nemours, Inc. 
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TYPES TIL321A, TIL322A,TIL330A 


BULLETIN NO, DL-S 12382, MARCH 1976—REVISED SEPTEMBER 1978 





NUMERIC DISPLAYS 


SOLID-STATE DISPLAYS WITH RED CHARACTERS 


@ 12,7-mm (0.500-Inch) Character Height e 


e Continuous Uniform Segments e 
e High Contrast 


mechanical data 


a, All linear dimensions are in millimeters and parenthetically in inches, 

b. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines, 
Each pin centerline is located within 0,26 mm (0.010 inch) its true 
longitudinal position relative to pins 3 and 8, 

c. All dimensions associated with segments and decimal points are nominal. 


TIL321A AND TIL322A TIL330A 


4,0 (0.160) MIN 0,203 (0.003) 
vw 10 PINS 


OECIMAL 


168,77 (0.660) 
16.25 (0.640) 
5,5 {0.215} 


1,02 (0.040) 
ALL SEGMENTS 


TIL321A 


579 


Categorized for Uniformity of Luminous 
Intensity among Units within Each Category 


Low Power Requirements 


12,70 (0.600) 


7.37 (0.290) 
Tavtazg) [1244 (a<eo 


8,51 (0.336) 
8,25 (0.325) 


Pk 
oe 


well] 


0,406 (0.016) 
10 PINS 





0,308 (0.012) 


15,24 + 0,26 


(0.600 0.010) 


12,7 (0.500) 
NOM 


TIL330A 


NC—No internal connection 
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TYPES TIL321A, TIL322A,TIL330A 
NUMERIC DISPLAYS 





mechanical data (continued) 


The display chips are mounted on a header and this assembly is then molded within an electrically nonconductive 
plastic case. To optimize device performance, materials are used that are limited to certain solvents for cleaning 
operations. It is recommended that only Freont TF, isopropanol, or water be used. For high contrast, the displays have 
a black body. 


absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature, Each Segment or Decimal Point .......2.2.2...=.3V 
Peak Forward Current at (or below) 25°C Free-Air Temperature, 

Each Segment or Decimal Point Bove’ h-x,6j cae! the -Sivhes Se Wha atts Va ha 200 mA 
Average Forward Current at (or below) 25°C Free-Air Temperature (See Notes 1 and 2), 

Each Segment or Decimal Point . 2. 1. 1. 2 1 we ew ee ee eee eee ee ee) 6 6L2EMA 
Operating Free-Air Temperature Range ........ ee ee ee ee eee ee ee) 625°C to 85°C 
Storage Temperature Range Pe ote a ako: & fav Be Dan US Vel Gee Ged Sees aie S hae Se HONS -c 
Lead Temperature 1.6 mm (1/16 Inch) Below Seating Plane forS Seconds. . .......2..... . 230°C 


NOTES: 1. This average value applies for any 10-ms period. 


2. Derate linearly to 10 mA at 85°C free-air temperature at the rate of 0.25 mA/C. 


operating characteristics of each segment or decimal point at 25°C free-air temperature 








PARAMETER TEST CONDITIONS MIN TY MAX UNIT 


Luminous Intensity Segment 250 600 
¥ (See Note 3) Decimal Point 


Segment-to-Segment 


= 
ie) 
Qa 





: ; ; I-F =20mA <1.5:1 
Luminous Intensity Ratio 


Xp Wavelength at Peak Emission 640 655 680 } nm | 






av Spectral Bandwidth 20 


VE Static Forward Voltage tr =10mA 
IR Static Reverse Current VR=3V 










NOTE 3: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 


illumination) eye-response curve. 


t Trademark of E.1, duPont de Nemours, Inc. 
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TYPE TIL360 
MULTIDIGIT NUMERIC DISPLAY 


BULLETIN NO. DL-S 11498, MARCH 1972—REVISED MARCH 1976 





SOLID-STATE MULTIPLE SEVEN-SEGMENT VISIBLE DISPLAY 
WITH RIGHT-HAND DECIMALS 


@ 2,54-mm (0.100) Character Height © Wide Viewing Angle 

© High Luminous Intensity e 4,3-mm (0.172-Inch) Character-to-Character Spacing 

o Low Power Requirements Constant with End-to-End Stacking of Devices 
description 


This multidigit display is intended for use under pulsed conditions by enabling each of the characters sequentially and 
enabling the desired segments and/or right-hand decimal point in phase with the character enabling pulse. The pulse rate 
is kept high enough so that to the eye the light from each character appears to be constant. Two or more of these 
devices may be stacked end-to-end to provide additional characters with constant spacing between characters. When 
additional characters are enabled by the same pulse sequence, the peak current in each segment or decimal may be 
increased to maintain character brightness despite the lower duty cycle for each character. The modifications shown in 
the product options section of this data sheet, are available to form various combinations. 


mechanical data 


The digit and decimal chips are mounted on a lead-frame assembly which is then cast within a red, electrically 


nonconductive, transparent plastic compound. Character-to-character spacing is maintained when multiple displays are 
mounted end-to-end. 


SEATING PLANE 
26,086 (1.027) (See Note b) shies 
460175) 25,882 (1.019) aoe 
MAX 2,59 (0.102) 1,8 (0.070) 
[| 2,23 (0.088) 6 DIGITS 


10,67 (0.420) 
9,65 (0.380) 
7,62 + 0,26 
(0.300 + 0.010) 


1,32 (0.052) 


1,06 (0.042) 0,305 (0.012) 
6 PLACES 0,228 (0.009) 
{See Note b) 


2,5 (0.100) 





4,50 (0.177) 0,508 (0.020) 
4,24 (0.167) 0.406 (0.016) Att PINS 
2.54 (0.100) TP 5 PLACES PIN 2 co 
aoe | 0,76 (0. 
14 PLACES TOLERANCE let--6.7e (0.030) MIN PIN 3 CHARACTER 2 
(See Note d) NONCUMULATIVE PIN 4 D SEGMENTS 
SEGMENT PINS CHARACTER 4 
IDENTIFICATION PIN6 CHARACTER 6 
PIN7 E SEGMENTS 
PINS DECIMAL POINTS 
PINS GSEGMENTS 
. PIN 10 NC 
orn sibs PIN 11 CHARACTER 5 
PIN 12 A SEGMENT 
PIN 13 CHARACTER 3 
PIN 14 CHARACTER 
PIN 15 8 SEGMENTS 
PIN 16 F SEGMENTS 
DECIMAL = NC-No internal connection 
POINT 


BOTTOM VIEW 
NOTES: a. All! linear dimensions are in millimeters and parenthetically in inches, 
b, Lead dimensions are not controlled above the seating plane. 


c, Centerlines of character segments and decimal points are shown as dashed fines, 
Associated dimensions are nominal. 





d. 


The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines, Each centerline is 
located within 0,26 mm (0.010 inch) of its true longitudinal position relative to pins 1 and 16, 
The maximum variation in vertical position is 0,26 mm (0.010 inch) between any two digits 
within a package and 0,127 mm (0.005 inch) between any two adjacent digits in a package, 
The angle between the vertical axis of any digit and the vertical axis of the package is 

10° + 3°. The angle between the vertical axes of adjacent digits is a maximum of 4, 
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TYPE TIL360 
MULTIDIGIT NUMERIC DISPLAY 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Reverse Voltage at 25°C Free-Air Temperature, Each Segment or Decimal Point .......2.. dtr its 2V 
Peak Forward Current, Each Segment or Decimal Point (See Note 1) 2 ee ee ee 150MA 
Average Forward Current, Each Segment or Decimal Point (See Note 2) aaa er ae fe eee ae FOIA 
Operating Free-Air Temperature Range... 1 1 ee ee ee ee ee ee ee ee ee .0°C to 70°C 


Storage Temperature Range wi tigc ae aultiee > a Gs BOs SAK thea ng. We at ~—25°C to 85°C 


operating characteristics of each segment or decimal at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX 


UNIT 
Luminous Intensity (See Note 3) a 
a Point jean 
Wavelength at Peak Emission F 640 a a 
Ap 










4d. Spectral Bandwidth 
Ve Static Forward Voltage 


NOTES: 1. This value applies for PRR 2 100 Hz, duty cycle < 1/15. 
2. This value applies for a maximum averaging time of 10 ms. 
3. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on Hlumination) eye-response curve. 





schematic 
SEGMENT 
a (2) 
ys ee 
2500) MC MC Cs 
6 a5 
= 
= ai Aca es an calcd Sy 
= ch sh il 2 ON 5 Mc Dp 
BO m cow he, ers roy ang 
pecimat (a ) ge r2e Fa Exe Cee 


CHARACTER 1 3 


CHARACTER ENABLE LINES 


Db 


=o 
a) 
2) 
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TYPE TIL360 
MULTIDIGIT NUMERIC DISPLAY 





Relative Photon Intensity 


Ie—Forward Current—mA 


RELATIVE SPECTRAL CHARACTERISTICS 


duty cycle = 1/6 





TYPICAL CHARACTERISTICS 


RELATIVE RADIANT INTENSITY 
vs 
FREE-AIR TEMPERATURE 


Radiant Intensity Relative to Value at Ta = 25°C 





600 620 640 660 680 700 
A—Wavelength—nm Ta—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 
AVERAGE LUMINOUS INTENSITY (PER SEGMENT) 
FORWARD CONDUCTION CHARACTERISTICS PEAK caaan Gg CURRENT 





0 02 04 06 08 %1 #12 «1.4 
Ve—Forward Voltage—V 


FIGURE 3 


Average Luminous Intensity—ucd 








16 18 2 oO 2 4 14 16 18 20 
ei eotaue Seren 


FIGURE 4 
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TYPE TIL360 
MULTIDIGIT NUMERIC DISPLAY 





PRODUCT OPTIONS 


Texas Instruments can supply multidigit displays that are variations of the TIL360. These special devices can be 
arranged in various configurations, two of which are illustrated in Figures A and B. To describe the displays, digit 
positions are numbered 1 through 6, left to right. 


In the device shown in Figure A, digit position number 1 is used for the 
special character . This character forms the minus sign for negative 
quantities or an E to indicate an error condition. Digit position number 
2 is not used and no connection should be made to pin 3. 





FIGURE A 


In the device shown in Figure B, digit positions 5 and 6 are not used 
and no connections should be made to pins 6 and 11. 





FIGURE B 


The TIL360 package is designed so that two or more displays can be mounted end-to-end maintaining the character- 
to-character dimension between digits. Two of many possible combinations are shown in Figure C and Figure D. 





FIGURE C 


Figure C illustrates the use of a pair of devices to display eight digits with E for minus sign and error indication. 


Ee fob elo eee 





FIGURE D 


Figure D illustrates the use of a pair of devices to display ten digits with E for minus sign and error indication. 


In addition to the devices shown, other configurations are available on a contract basis. 





37 


TEXAS INSTRUMENTS 


256 INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


TYPE TIL360 
MULTIDIGIT NUMERIC DISPLAY 


TYPICAL APPLICATION DATA 


Figure E shows decoder driver circuitry that can interface the TIL360 six-digit display with TTL logic. It also shows a 
multiplex circuit used to turn each digit on in sequence at a one-sixth duty cycle. 


The BCD code, generated by the user’s specific logic circuitry and applied as input to the SN7447, will be decoded into 
a seven-segment output. This output drives p-n-p transistors which supply current to operate p-n junction segments of 


the display. 


The 330-ohm resistor in series with each segment limits the peak current to nine milliamperes. The display brightness 
may be controlled by selection of the resistor value. 


Multiplexing or strobing the digits sequentially is accomplished by use of the SN7490 counter and SN7442 4-to-10-line 
decoder. After counting to 6 the output from the SN7442 resets the SN7490 to zero, thus giving a duty cycle of 


one-sixth. 






— a ow a 
i Locic 















RE RARE IET, Deke } 
$ crock . 

| putse 

GENERATOR 330 


| 
I SN7404 , c Cy) E DECIMAL 
I 
| 


A B ; F G 
SEGMENT ENABLE LINES 
TIL360 
5 s s = s = e Ky s es 
1 3 4 5 6 









Le 


CHARACTER ENABLE LINES 
2 





Resistor values are in ohms, 


FIGURE E 
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TYPES TIL393-6, TIL393-8, TIL393-9 
CALCULATOR NUMERIC DISPLAYS 


BULLETIN NO. DL-S 12355, DECEMBER 1975 





SOLID-STATE RED DISPLAYS FOR CALCULATOR APPLICATIONS 


H © = 2,6-mm (0.102-Inch) Magnified Image 
NUMBER 


e Seven-Segment Digits, Right-Hand Decimal Points 
TIL393-6 
TIL393-8 
TIL393-9 


These multidigit displays are intended for use under pulsed conditions by enabling the common cathode of each digit 
sequentially and enabling the desired segment anode and/or right-hand‘decimal point anode in phase with the 
character-enabling pulse. The pulse rate is kept high enough so that the light from each character appears to the eye to 
be constant. 









e Common-Cathode Configuration for Multiplex Applications 
e 5,1-mm (0.200-Inch) Digit-to-Digit Spacing 






description 


absolute maximum ratings over operating free-air temperature range 


Reverse Voltage, Each Segment or Decimal Point . . . 2... 1. ee ee ee ee eee ee ee ee) 68M 
Peak Forward Current, Each Segment or Decimal Point . .. . Sore do ata le a aoe ws ae COMA 
Average Forward Current, Each Segment or Decimal Point (See Note 1) Baie ay ote wae fos GR PEN a ... SMA 
Operating Free-Air Temperature Range... 1 ww ee ee ee ee ee ee 25° C to 85°C 
Storage Temperature Range Se ie NB Gu SSH AGS SoS a HRP DI ah oh ate. UA eh tg: =o C1665. 
Terminal Temperature for 5 Seconds: LS ish R. Gt Beer Kad tee oe: BG, Ae Ae bees Ucar. 280 


NOTE 1: This average value applies for any 10-ms period. 


operating characteristics of each segment or decimal at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


200600 
= Peak Luminous Intensity (See Note 2) Decimal —*d 600 ucd 






























lem =10mA, 200 
Wavelength at Peak Emission tw=5ms, 640 660 680 lam | 
x Spectral Bandwidth PRR = 100 Hz i 






Ve __ Static Forward Voltage eo 


NOTE 2: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 
Illumination) eye-response curve. 


TIL393-6 TIL393-8 


COEBBEDEO COSEBHEDS 
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TYPES TIL393-6, TIL393-8, TIL393-9 
CALCULATOR NUMERIC DISPLAYS 


SSR ET SD I IEEE ET TI TD SENG IT BLE TTS AE PD SPE I NS TSS 5 IES) 
mechanical data 


The GaAsP monolithic chips (one for each digit) are mounted on a printed-circuit board. A clear plastic lens is attached 
to the p-c board providing protection for the chips and resulting in a magnified digit image of 2,6 mm (0.102 inch). The 
same lens is used for all three types. 


The display may be mounted by use of a lead-frame assembly on 2,54-mm (0.100-inch) centers with the pins soldered 
into the p-c board holes, or by insertion into a p-c board edge connector. A rosin-core 60/40 tin/lead wire solder or a 
low-temperature deactivating flux with solid-core 60/40 solder can be used for hand-soldering operations. 


Chlorinated hydrocarbon solvents must not be used for cleaning as the plastic lens may be damaged. Methanol, iso- 
propanol, ethanol, Freont TP-35, or Freont TE-35 solvents may be used with caution. Time must be allowed for the 
solvent to evaporate from beneath the display lens. 


51,06 (2.010) 4,83 (0.190) 

50,54 (1.990) 4,32 (0.170) 
5,34 (0.210) . p+-—-5,08 +0,13 (0.200 + 0.005) 183 0.072) 
624 (0210) Cerne Ft 1,32 (0.052) 


a 


13,97 (0.550) 
73.46 (0.530) bole 


18,03 (0.710) 
11,43 (0.450) tim 
70,92 (0.430) cz 


4,57 (0.180) ] 
4,57 (0,180) pl ka—1,09 (0.043) | 
408 00.160) ior 2,54 (0.100) TP. 9.841003) ee 1,27 (0.050) 
2,80 (0.110) 17 PLACES PP {0-020} inotes 
2,28 (0.090) PLASTIC 
EXTRUSION 


MAGNIFIED TAB ASSIGNMENTS 
CHARACTER FONT FUNCTION 


NO INTERNAL CONNECTION 
DIGIT 1 CATHODETE 
SEGMENT C ANODES 

DIGIT 2 CATHODE# 
DECIMAL POINT ANODES 
DIGIT 3 CATHODE 
SEGMENT A ANODES 
DIGIT 4 CATHODE 
SEGMENT E ANODES 


D DECIMAL 10 DIGIT 5 CATHODE 
T° 30’ NO ie POINT 11 SEGMENT D ANODES 


1,57 (0.062) 
NOM 


OOnNOOhWNH — 


12 DIGIT 6 CATHODE 
13 SEGMENT G ANODES 
14 DIGIT 7 CATHODE 
15 SEGMENT B ANODES 
TOTAL VIEWING ANGLE (See Note c) 16 DIGIT 8 CATHODE 
Horizontal 36° NOM 17 SEGMENT F ANODES 
Vertical 32° NOM 18 DIGIT 9 CATHODE t 


T Make no external connection to tab 2 of TIL393-8. 
Make no external connection to tab 2, 4, or 18 of TIL393-6, 


NOTES: a. All linear dimensions are in millimeters and parenthetically in inches. 
b. The true-position tab spacing is 2,54 mm (0.100 inch) between centerlines. Each tab centerline is located within 
0,26 mm (0,010 inch) of its true position relative to tab 1. 
. Total viewing angle is the angle that encompasses all the lines of sight along which the digit is legible within a given plane. 





tTrademark of E.!. duPont de Nemours, Inc. 
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TYPE TIL804 
12-DIGIT NUMERIC DISPLAY 


BULLETIN NO. DL-S 12491, MARCH 1977 





SOLID-STATE COMMON-CATHODE RED DISPLAY 
WITH RIGHT-HAND DECIMAL POINTS 
e 6.9-mm (0.270-Inch) Character Height 
@ Multiplex Operation — Minimum Pin Connections 
e High Luminous Intensity 
e Wide Viewing Angle 
© Viewing Distance up to 4.5 Meters (15 Feet) 


applications 


e Digital Frequency Read-Out 
e Calculators 
e Instrumentation Displays 


e Data Terminals 


description 


This multidigit display is formed by mounting and bonding LED chips on a printed circuit board. Individual reflectors 
are used over the LED chips on each digit to form the segments. A diffuser placed over the reflectors results ina 
uniformly bright segment with a high contrast ratio. 


The anodes of all like-positioned segments are connected together on the printed circuit board and brought out to a 
common pad connection. This type of configuration requires a minimum number of pad connections, but it requires 
that the display be used in a multiplexed mode. Each character is enabled sequentially by its cathode line and the 
desired segment and decimal anodes are enabled in phase with the cathode enabling pulse. 


A peak current of 96 milliamperes is recommended for normal operating conditions at a duty cycle of 8.3% to obtain 
adequate display brightness. The pulse rate should be high enough so that the light from each character appears 
constant. A minimum pulse rate of 60 hertz can be used; however, rates of one kilohertz to ten kilohertz are 
recommended. 
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TYPE TIL804 
12-DIGIT NUMERIC DISPLAY 





mechanical data 


The display may. be mounted by soldering the pads directly to another printed-circuit board, by use of a lead-frame 
assembly on 0.100-inch centers with the pins soldered into the p-c board holes, or by insertion into a p-c board edge 
connector. A rosin-core 60/40 tin/lead solder, or a solid-core 60/40 solder with a low-temperature deactivating flux can 
be used for hand-soldering operations. Soldering temperature of each pad should not exceed 230°C for five seconds. 
Care should be exercised to keep the temperature of the plastic cover below 100°C as higher temperatures or direct 
contact of a hot soldering iron with the plastic could cause distortion or deformation of the character appearance. 


Flux clean up using chlorinated hydrocarbon solvents should be avoided as they may damage the plastic parts. 
Methanol, isopropanol, ethanol, or Freont TP-35 may be used with caution. Solvents can leave residues that may blur 
or obstruct the image. 


109,22 + 0,26 

5,97 (0.235) (4.300 + 0.010) 

5.46 (0.215) DIGIT 4 3,81 (0.150) 2,42 (0.095) 
let 1,83 (0.072) & 12,96 0.510) 7,62 (0.300) NOM 3,55 (0.140) 17,90 (0.075) 


jez ‘1.32 (0.052) cn Pes el 12,44 (0.490) ; | 11 PLACES 2 HOLES 


es as a 
23,62 balled ‘aE — f) a | 16,26 (0.640) 
Peming eT Sp Se fae Se OS OA a SR hs i LI LJ. me 18,75 (0.620) 
12,95 (0.510) 
| | ae MPP PMP AM PME lll 


2,80 (0.110) 2,54 (0.100) T.P. 1,02 (0.040) 
2,28 (0.090) 42,80 (1.685) 19 PLACES 0,76 (0.030) 


{SEE NOTE b) 20 HOLES 
13.85 (0545) {2 | © 4229 (1.665) 
13,33 (0.525) 93,73 (3.690) 


93,22 (3.670) 
120,91 (4.760) 
120,39 (4.740) 


6,6 (0.260) 
MAX 


CHARACTER FONT TAB ASSIGNMENTS 


4,06 (0.160) 
a " NOM FUNCTION TAB FUNCTION 
—s 


DIGIT 1 CATHODES 11. DIGIT tt CATHODES 
DIGIT 4 CATHODES 12. SEGMENT A ANODES 
DIGIT 3 CATHODES 13. SEGMENT B ANODES 
OIGIT 2 CATHODES 14 SEGMENT C ANODES 
DIGIT 5 CATHODES 15 SEGMENT D ANODES 
DIGIT 6 CATHODES 16 DECIMAL POINT ANODES 
DIGIT 7 CATHODES 17. SEGMENT G ANODES 
DIGIT 8 CATHODES 18 SEGMENT F ANODES 
O!GIT 9 CATHODES 19 SEGMENT E ANODES 

10 DIGIT 10 CATHODES 20 DIGIT 12 CATHODES 


6,86 (0. sey 
NOM 


an Dork WHR = 


© 


NOTES: a. All linear dimensions are in millimeters and parenthetically in inches. 


b. The true-position (T.P.} pin spacing is 2,54 mm (0.100 inch) between centerlines, Each pin centerline is located within 
0,13 mm (0.005 inch) of its true longitudinal position relative to Tab 1. 


product options 


Texas Instruments Incorporated can supply multidigit displays that are variations of the basic 12-digit TIL804. Options 
include fewer digits or decimal points than 12 each and a choice of location of the omitted digits or decimal points. 
Fewer than eight digits are not recommended in order to be effective from the standpoints of cost and physical size. 
For custom arrangements contact your TI field office or Optoelectronics Marketing at the following address: 


Texas Instruments Incorporated 
Optoelectronics Marketing 

P.O. Box 225012 

Dallas, Texas 75265 

Phone: (214) 238-3821 
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TYPE TIL804 
12-DIGIT NUMERIC DISPLAY 





‘absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Reverse Voltage, Each Segment or Decimal Point . ......2..2.. .3V 
Peak Forward Current at (or below) 25°C Free-Air Temperature (See Note 1), 

Each Segment or Decimal Point . 2... 1 1 ee ee ee 150 mA 
Average Forward Current at (or below) 25°C Free-Air Temperature (See Notes 1 and 2), : 

Each. Segment or Decimal Point: 6-23) 2 vow ew ew DA Bow eae eee ee ee ea 2oMA 
Operating Free-Air Temperature Range . 2... 1 ee ee ee ee ee ee te eee ee 25°C to 70°C 
Storage Temperature Range... 1. 1 ee ee ee ee ee eee ee eee = 25°C to 70°C 

NOTES: 1. For operation above 25°C free-air temperature, refer to Figures 1 and 2. 
2. This average value applies for any 10 millisecond period. 
PEAK FORWARD CURRENT PER SEGMENT AVERAGE FORWARD CURRENT PER SEGMENT 
OR DECIMAL POINT OR DECIMAL POINT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


160 30 







I ABSOLUTE MAXIMUM 
lea RATING 
NS 
Lie ‘ 


25 


20 








15 


0 RECOMMENDED OPERATING 
CONDITIONS FOR 
DUTY CYCLE = 8.3% 


? 10 






leM—Peak Forward Current—mA 





RECOMMENDED OPERATING 
CONDITIONS 


_'F(ay)—Average Forward Current—-mA 






0 0 
20 30 40 50 60 70 80 20 30 40 50 60 70 80 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 


operating characteristics of each segment or decimal at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX 


[segment] 100160 
ly Luminous Intensity (See Note 3) Decimal = ee ucd 
'e=10mA 


Ap Wavelength at Peak Emission 640 655 680 | nm | 
Ad Spectral Bandwidth ae eee ee 


Peak Forward Voltage 











VFM 





NOTE 3: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 
{llumination) eye-response curve. 
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‘TYPE TIL804 
12-DIGIT NUMERIC DISPLAY 





TYPICAL APPLICATION DATA 


Each digit of the display is connected in a common-cathode configuration and the anodes of like-positioned segments 
of all digits are connected together for multiplex operation. Normal operation of each digit is 8.3% (1/12) duty cycle or 
less, except on custom devices with fewer digits. For example, a device with eight digits might be operated at 12.5% 
(1/8) duty cycle. 


Figure 3, below, shows a typical interface circuit between the T1L804 and a TMS 1200 microcomputer. The typical 
conditions shown are intended as a guide only. These conditions will give a bright display easily read under high 
ambient light conditions as would be found in an office or laboratory; that is, 25 to 50 foot candles. If a brighter 
display is required, the average and peak currents through the segments could be increased. 


Note that the display is to be operated under multiplexed conditions only. 









as 


j Stoo a 
T1s143 Cc) 
aes 
1 DIGIT 6 CATHODE 
= DIGIT 7 CATHODE 





DIGIT 1 CATHODE 







DIGIT 3 CATHODE 
DIGIT 4 CATHODE 


















DIGIT 9 CATHODE 


12 DIGIT 10 CATHODE 


Ra IDENTICAL 
Pa CIRCUITS 











DIGIT 12 CATHODE 





TMS 1200 


SEGMENT A ANODES 
O+5V SEGMENT 8B ANODES 
SEGMENT C ANODES 


























iy aE R_ IDENTICAL [SEGMENT D ANODES 
CIRCUITS SEGMENT E ANODES 
rare SEGMENT F ANODES au 
Li \ sucaae SEGMENT G ANODES a 
Xba DECIMAL POINT ANODES 






TYPICAL CONDITIONS 





Voc =5V 
VCE(sat) (2N5449) = 0.2 V 

Ry = VOD a Ve (sat)(2N5449) ~ VCE (sat) (18143) —VF(LED) VE (sat) (718143) = 1.0 V 

a VE(LED) = 1.8 V 
lem =96 mA 
Duty Cycle = 8.3% 
RL =212 
FIGURE 3 
77 
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TYPES TIL807, TIL808 
2-DIGIT NUMERIC DISPLAYS 


BULLETIN NO, DL-S 12623, SEPTEMBER 1978 






DUAL SOLID-STATE RED DISPLAYS 
e 7,62-mm (0.300-Inch) Character Height 
e Seven-Segment Display for Numeric Applications 
e Low Power Requirements 

e High Contrast Ratio 

e Plug-In Dual-In-Line Package 

e Rugged Construction 

e Wide Viewing Angle — Unmagnified Characters 


description 


These 2-digit displays may be operated in the continuous mode or pulsed with a duty cycle of 50% or lower. For 
continuous operation from a 12-volt supply, a 1000-ohm resistor in series with each segment will provide satisfactory 
brightness at normal ambient light conditions. Segment selection for numerals may be controlled directly by the 
channel-selector switch or by decoder/driver circuits. 


mechanical data 


These displays are formed by mounting light-emitting-diode chips on a lead frame. A filled cavity is used over each chip 
to form individual uniform segments. 


4,06 (0.160) NOM 


15,50 (0.610) 
14,96 (0.890) 


7,62 (0.300) NOM TIL807. 


t & LEFT RIGHT 
DIGIT DIGIT 


18,04 (0.710) 
17,52 (0,690) 


6, 0. 
sighs 


SEATING. 
PLANE 


2,03 (0.080) T.P. 14 PLACES 
See Note b 


TIL808 
LEFT RIGHT 
DIGIT DIGIT 


NOTES: a, All dimensions are in millimeters and parenthetically in inches. 
b, Each pin centerline is located within 0.26 (0.010) of its true position (T.P.)}. 
ce. The spacing between row centerlines is measured at the seating plane. 


Copyright © 1978 by Texas Instruments !ncorporated 
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TYPES TIL807, TIL808 
2-DIGIT NUMERIC DISPLAYS 





absolute maximum ratings 


Reverse Voltage over Operating Free-Air Temperature Range, Each Segment .......2.2.. ..3V 
Peak Forward Current at (or below) 25°C Free-Air Temperature, Each Segment (See Figure 1) wee we 150MA 
Average Forward Current at (or below) 25°C Free-Air Temperature, Each Segment (See Note 1) ..... 25mA 
Operating Free-Air Temperature Range ........ > SR oe dle bh wee yee 4 Hee O18 ee 6 
Storage Temperature Range ........-4.04. te ee ee ee ee ee ew = 25°C to 85°C 
Lead Temperature 1.6 mm (1/16 inch) below Seating Plane for 5 Seconds . ........... 4... .230°C 


NOTE 1: This average applies for any 10-ms period. Derate linearly to 10 mA at 85°C at the rate of 0.25 mA/C (see Figure 2). 


PEAK FORWARD CURRENT AVERAGE FORWARD CURRENT 
vs vs 
DUTY CYCLE FREE-AIR TEMPERATURE 











Cn ANNE 
Pt TTT fA 


ih 
PRR = 100 Hz IN| 
Ly 






< 

& 

£ scol__|_Larelil 

= 100 65°C IN 

E : ce a Sa A 
& 79+ — 1 ¢5°c Ht ; 1 
ba as et NE 
3 ee Oe ST 
= gf 1 TTT NN NUE 
re 

3 

a 


Ip—Average Forward Current—mA 





1 2 4 7 10 20 40 70-100 2 35 45 55 65 #75 8 
Duty Cycle—% Ta—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 


‘recommended operating conditions over operating free-air temperature range 


Steady-State Forward Current at 100% Duty Cycle, Each Segment .........2. 64.6628... 10MA 
Pulsed Forward Current at 50% Duty Cycle, EachSegment ......... 6.6.08 068 6 6 « « 20MA 


operating characteristics at 25°C free-air temperature range 


PARAMETER TEST CONDITIONS MIN TYP MAX 
I Luminous Intensity (See Note 2) 250 600 


Segment-to-Segment 
ries Ip = 20 mA 
Luminous Intensity Ratio 


Vv 
nN nm | 
: Pv 





a Spectral Bandwidth aaa ea! 
v Forward Voltage ip = 10 mA v 
I,m Static Reverse Current <10 


NOTE 2: Luminous intensity is measured with a tight sensor and filter combination that approximates the CIE (International Commission on 
illumination) eye-response curve. 
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TYPES TIL829 THRU TIL834 
MULTIDIGIT TIMER DISPLAYS 


BULLETIN NO. DL-S 12624, JULY 1978 


3 1/2- AND 4-DIGIT SOLID-STATE RED DISPLAYS WITH INTEGRAL 
COLON, ALARM, AM/PM, AND TEMPERATURE-INDICATOR OPTIONS 


e Continuous Uniform Segments @ 12.7-mm (0.500-inch) Character Height 
e High-Contrast Characters e Wide Viewing Angle 
TIL 829 TIL 830 TIL 831 
ALARM 


CILterim “Oerercmo ‘Fy | TI 
LD vd. A I-17 Ld oC I-it Lo 


e 
PM PM 
TIL 833 TIL 834 
ALARM ALARM DEGREE 


QICrormo COocro Oooo 
i © OS a ee lm an a a | 


e 
PM PM 
Unused segments may or may not be omitted. 
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TYPES TIL829 THRU TIL834 
MULTIDIGIT TIMER DISPLAYS 


Se ae a a ee a IT TT I eS I I 
description 


This multidigit display is intended for use under pulsed conditions by enabling each of the character cathodes 
sequentially and enabling the desired segments or indicator anodes in phase with the character-enabling pulse. The pulse 
rate is kept high enough so that the light from each character appears to the eye to be constant. 


absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature, Each Segment or|Indicator ..........4..2,.4..3V 
Peak Forward Current at (or below) 25°C Free-Air Temperature, 

Each Segment or Indicator oc bei se: Set JS et don det an cee Be ee ZOOIMA 
Average Forward Current at (or below) 95° C Ere Aik ‘Temperature (See Note 4), 

Each Segment or Indicator on Se Sek oe ta tae) a oR A a a ne We Bl a a a he ee,  ZEIMA 
Operating Free-Air Temperature Range . 2... 1 eee ee ee ee ee ee ee ew ee «625°C to 85°C 
Storage Temperature Range...) wk ee ee ee ee ee ee) = 25°C to 85°C 
Terminal Temperature for5 Seconds . . 2... 1. ee ee ek ee ee ee eee ee we es 230°C 


NOTE 1: This average value applies for any 10-ms period. Derate linearly to 10 MA at 85°C free-air temperature at the rate of 0.25 mA/C. 


operating characteristics of each segment or indicator at 25°C free-air temperature 


PARAMETER TESTCONDITIONS | MIN TYP MAX | UNIT 


Average per 
Segment, 

Each Digit 
Each Colon 
Segment and 
Indicator 



























Luminous 








ly Intensity 
(See Note 2} 











{pf =20mA 
per segment 








and indicator 
Segment-to-Segment 









240 600 
Luminous Intensity Ratio 
Ap Wavelength at Peak Emission 


AA Spectral Bandwidth 


Static Forward Voltas ipetoma | SSC 


NOTE 2: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 
Illumination) eye-response curve. 














mechanical data 


The displays are formed by placing a one-piece reflector assembly within a red transparent plastic case that is attached 
to a printed-circuit board that contains the light-emitting-diode chips. To optimize device performance, materials are 
used that are limited to certain solvents for cleaning operations. !t is recommended that only Freont TF, isopropanol, 
or water be used. 


3,18 (0.125) T. P. 
15 PLACES 1,27 (0.050) 
(See Note b} 7,14 (0.045) DIA 
1,59 0.0628 e- Seer 
NG = aa fe kates | b-senoar NOTES: a. All linear dimensions are in millimeters 
“4 LUE and parenthetically in inches, 
4,45 (0.175) b. The true position tab spacing is 3,18 mm 
4,19 (0.165) (0.125 inch) between centerlines, Each 
“he .005) 
~f pete (0.995) 


17,53 an 690) 
17,27 (0.680) 


tab centerline is located within 
0,26 mm(0.010 inch) of its true position. 
- Dimensions associated with the digit 


12,7 (0.500) 
NOM 


segments, colon segments, alarm indicator, 


jue —eol. 7.62 1,27 (0.050) ae 3 
boat sy 12,7 (0.500) MAX and PM indicator are nominal. 
& & 
6,35 (0.250) 
5,84 (0.230) 


$2,1 (2.05) 
49.5 (1.95) 
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TYPES TIL835, TIL836 
MULTIDIGIT NUMERIC DISPLAYS 


BULLETIN NO. OL-S 12670, OCTOBER 1978 


3%-DIGIT SOLID-STATE RED NUMERIC DISPLAYS 
DESIGNED FOR INSTRUMENTATION AND DIGITAL PANEL METER APPLICATIONS 


@ 12,7-mm (0.500-Inch) Character Height e TIL835 ... Common Anode 
e Wide Viewing Angle e TIL836... Common Cathode 
e High Contrast 


description 





These multidigit displays are formed by placing a one-piece reflector assembly within a red transparent plastic case 
attached to a printed circuit board. The light-emitting-diode chips are directly mrometge and bonded to the printed 
circuit board under the appropriate segment. 


The +1 digit has individual segment lines separate from the other digits, which have their like-positioned segments 
connected together. The +1 segments can therefore be driven directly or connected to other segments for multiplex 
operation. This arrangement allows these displays to be used with all digital panel meter chip sets presently available. 


The pulse rate for multiplex operation must be kept high enough to make the light from each character appear to be 
constant. A minimum pulse rate of 100 hertz can be used, however, rates of one kilohertz to 10 kilohertz are 
recommended. 


TIL835 TIL836 
ee nee ee DIGIT oa sored reat DIGIT sass + |: | “y 


MINUS mam fic € 


e [= I . 
DP 1?) OP 


Lod J UUULJU UT 


I 
=H, (ot. ET, ml 





OP—Decimal Point ~“NC—No internal connection 


absolute maximum ratings 


Note 1: 


Reverse Voltage at 25°C Free-Air Temperature, Each Segment or Indicator. ........00ccccecceeeeueees 3V 
Peak Forward Current at (or below) 25°C Free-Air Temperature, 

Each Segment, Sign, or Decimal Point ......... 0. ec eee ee eee eee ee eee een eens 200 mA 
Average Forward Current at (or below) 25°C Free Air Temperature (See Note 1), 

Each Segment, Sign, or Decimal Point .. 2... . 0. cc cece eee eee ee ete ee eee eee 12. 25mMA 
Operating Free-Air Temperature Range... 0.0... cee cece eee eee ene e eee eeees —25°C to 85°C 
Storage Temperature Range ........ ccc cece cece eee ee ee eee eee ee eee ree eenees —25°C to 85°C 
Terminal Temperature for 5Seconds .... 2.0... cece cee eee eee teen eee neat eee etnnes 230°C 

This average value applies for any 10-ms period, Derate linearly to 10 mA at 85°C free-air temperature at the rate of 0.25 mA/C, 
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TYPES TIL835, TIL836 
MULTIDIGIT NUMERIC DISPLAYS 





operating characteristics of each segment or indicator at 25°C free-air temperature 


Average per 


Luminous Segment or Sign, 
ly Intensity Each Digit 
(See Note 2) Each Decimal! 
Point 


sign, and 
Segment-to-Segment a 2 
3 . ' decimal point 
Luminous Intensity Ratio 


Ip = 20mA 
per segment, 


Ap Wavelength at Peak Emission 
PAV Spectral Bandwidth 
VE Static Forward Voltage Ip =10mA 


NOTE 2: Luminous Intensity Is measured with a light sensor and filter combination that approximates the CIE (International Commission on 
INumination) eye-response curve. 





mechanical data 


The display may be mounted by soldering the pads directly to another printed-circuit board, by use of a lead-frame 
assembly on 2,54-mm (0.100-inch) centers with the pins soldered into the p-c board holes, or by insertion into a p-c 
board edge connector. A rosin-core 60/40 tin/lead solder, or a solid-core 60/40 solder with a low-temperature 
deactivating flux can be used for hand-soldering operations. Soldering temperature of each pad should not exceed 
230°C for five seconds. Care should be exercised to keep the temperature of the plastic cover below 100°C as higher 
temperatures or direct contact of a hot soldering iron with the plastic could cause distortion or deformation of the 
character appearance. 


Flux clean up using chlorinated hydrocarbon solvents should be avoided as they may damage the plastic parts. 
Methanol, isopropanol, ethanol, or Freont TP-35 may be used with caution. Solvents can leave residues that may blur 
or obstruct the image. 





6,4 (0.250) 
MAX 


2,54 (0.100) T.P. 0,94 (0.037) 
See Note b 0,68 (0.027) 
@ 


12,3 (0.485) 25,53 (1.005) 
f 25,27 (0.995) 


17,53 (0.690) 


& — Fb — —Y oe — 12,7 (0.500) 17.27 10.680) 


8,8 (0.345) 


| | | 
76 12,7 | | 1,27 (0.050) 
(0.300) (0.500) MAX 


50,93 (2.005) 


50,67 (1.995) 


NOTES: a, All linear dimensions are in millimeters and parenthetically in inches. 
b. True-position pad and wire hole spacing is 2,54 mm (0.100 inch) 
between centerlines. Each pad or hole centertine is located within 
0,13 mm (0.005 inch) of its true position. 
c. Dimensions associated with the digit segments are nominal. 





TT rademark of E.1. du Pont de Nemours, Inc. 





378 
TEXAS INSTRUMENTS 269 | 
INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES TIL835, TIL836 
MULTIDIGIT NUMERIC DISPLAYS 





TYPICAL APPLICATION DATA 


Figure 1 shows typical interface circuitry between the TIL835 and TL500C-TL502C analog-to-digital converter. Note 
that the minus-sign terminal (pad 19) is connected to the D-segment line and the plus-sign terminal (pad 18) to the 
E-segment line. 


Resistors R1 through R8 limit each segment-line current to approximately 50 milliamperes. This value may be increased 
or reduced as required to change the display brightness as long as the maximum ratings of the display and the TL502 


are observed. Transistors Q1 through Q4 provide necessary additional drive current to the digit enable lines. 


For information regarding maximum ratings and pin assignments, see the TL502C data sheet. 


ANALOG 
INPUTS 







TILS02C 





5 





4 








R1 thru R8 = 56 2 
R9 thru R12 = 390 2 « 
Q1 thru 04 = A5T4028 





DECIMAL POINT 
TIL835 AND TL502 SELECT 
INTERFACE CIRCUIT R8 


TIL835 


FIGURE 1—TLS502C-TO-TIL835 INTERFACE CIRCUITRY 
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TYPES TIL837, TIL838 
5-DIGIT NUMERIC DISPLAY 


BULLETIN NO. DL-S 12625, JULY 1978 





SOLID-STATE RED DISPLAYS WITH OPTIONAL DECIMAL POINT 


e 6,9-mm (0.270-Inch) Character Height 
e Multiplex Operation — Minimum Pin Connections 
e High Luminous Intensity 
e Wide Viewing Angle 
e Viewing Distance up to 5 Meters (15 Feet) 
e TIL837... Right-Hand Decimals 
e TIL838...No Decimals 
description 


These 5-digit displays are designed for easy viewing at as much as 5 meters (15 feet) under high ambient light conditions 
like those found in laboratories, offices, and classrooms. All segment and decimal! cathodes for a given digit are tied to a 
common connection. The anodes of corresponding segments of each digit and of the decimals are also connected 
together. This type of configuration requires a minimum number of pad connections, but it requires that the display be 
used in a multiplexed mode. Each character is enabled sequentially by its cathode line and the desired segment and 
decimal anodes are enabled in phase with the cathode enabling pulse. 


These displays are formed by mounting and bonding LED chips on a printed circuit board. Individual reflectors are 
used over the LED chips on each digit to form the segments. A diffuser placed over the reflectors results in a uniformly 
bright segment with a high contrast ratio. 


SCHEMATIC DIAGRAM 


Copyright © 1978 by Texas Instruments Incorporated, 
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TYPES TIL837, TIL838 
5-DIGIT NUMERIC DISPLAY 





mechanical data 


The display may be mounted by soldering the pads directly to another printed-circuit board, by use of a lead-frame 
assembly on 2,54-mm (0.100-inch) centers with the pins soldered into the p-c board holes, or by insertion into a p-c 
board edge connector. A rosin-core 60/40 tin/lead solder, or a solid-core 60/40 solder with a low-temperature 
deactivating flux can be used for hand-soldering operations. Soldering temperature of each pad should not exceed 
230°C for five seconds. Care should be exercised to keep the temperature of the plastic cover below 100°C as higher 
temperatures or direct contact of a hot soldering iron with the plastic could cause distortion or deformation of the 
character appearance. 


Flux clean up using chlorinated hydrocarbon solvents should be avoided as they may damage the plastic parts. 
Methanol, isopropanol, ethanol, or Freont TP-35 may be used with caution. Solvents can leave residues that may blur 
or obstruct the image. 


44,07 (1.735) 
43,81 (1.725) 


1,83 (0.072) € 7,62 (0.300) 


1,57 (0.062) #678 (0.267) 4 PLACES 


6,27 (0.247) 4,1 (0.160) 


22,48 (0.885) io [or] [o [ve } [3] [03] [os] [os] 


ayer ae) a [ ee a Pie aoe I, 


6,4 (0.250) ae O 7 © a 
1,27 (0.050) MAX 2,54 ((0.100) T.P. 2,54 (0.100) 
MAX 6,78 (0.267) 12 PLACES NOM 


6,27 (0.247) (See Note b) 
PAD CONNECTIONS 


TAB FUNCTION TAB FUNCTION 


. SEGMENT F ANODE . DECIMAL ANODE 

. DIGIT 1 CATHODE . SEGMENT C ANODE 
. SEGMENT G ANODE . SEGMENT B ANODE 
. SEGMENT E ANODE . DIGIT 4 CATHODE 

. DIGIT 2 CATHODE . DIGIT 5 CATHODE 

. SEGMENT D ANODE . SEGMENT A ANODE 
. DIGIT 3 CATHODE 


NOTES: a. All linear dimensions are in millimeters and parenthetically in inches, 
b, The true-position tab spacing is 2,54 mm (0,100 inch) between centerlines, Each pad tenterline is located within 
0,127 (0,005) of its true position, 
. Dimensions associated with the digit segments and decimal! points are nominal. 





tTrademark of E.!. du Pont de Nemours, Inc. 





272 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES TIL837, TIL838 
5-DIGIT NUMERIC DISPLAY 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Reverse Voltage, Each Segment or Decimal Point .. . ee ath eeelen Soa ae on BM 
Peak Forward Current at (or below) 25°C Free-Air ‘Tefripersture (See Note 1), 

Each Segment or Decimal Point . . . tee ew ww ew es 6150 MA 
Average Forward Current at (or below) 25° c Free-Air Temperature (See Notes 1 ad 2), 

Each Segment or Decimal Point . 2. 2. 1 1 wwe ee ee ee ee ee eee) 62EMA 
Operating Free-Air Temperature Range . . 2. 7 we ee ee ee ee —25°C to 70°C 
Storage Temperature Range Bids ho ok aw Ot te sg ad dbs ul Hoek os REG «hh, Sabdaeuds ak 2 Oe ete 7 C 
Terminal Temperature for5 Seconds . . 2. ee ee ee ee ee ee ee ee es 230°C 


AVERAGE FORWARD CURRENT PER SEGMENT 
OR DECIMAL POINT 
VS 
FREE-AIR TEMPERATURE 


PEAK FORWARD CURRENT PER SEGMENT 
OR DECIMAL POINT 
vs 
FREE-AIR TEMPERATURE 


RECOMMENDED OPERATING 
CONDITIONS FOR 
DUTY CYCLE = 20% 


leM—Peak Forward Current—mA 


RECOMMENDED OPERATING 
CONDITIONS 


IF (ay)—Average Forward Current—mA 





Ta—Free-Air Temperatu re—°C Ta—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 


operating characteristics of each segment or decimal at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Segment 
ly Luminous Intensity (See Note 3) 
Ap Wavelength at Peak Emission =10mA 

















Ar Spectral Bandwidth 
VEM Peak Forward Voltage 


NOTES: 1. For operation above 25°C free-air temperature, refer to Figures 1 and 2. 
2. These values apply for any 10-millisecond period. , 
3. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE ({nternational Commission 
on Iumination) eye-response curve. 
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TYPES TIL837, TIL838 
5-DIGIT NUMERIC DISPLAY 





Each digit of the display is connected in a common-cathode configuration and the anodes of corresponding segments of 
all digits are connected together for multiplex operation. Normal operation of each digit is 20% duty cycle or less. 


Figure 3, below, shows a typical interface circuit between the TIL837/TIL838 and a TMS1000 microcomputer. The 
typical conditions shown are intended as a guide only. These conditions will give a bright display easily read under high 
ambient light conditions as would be found in an office or laboratory; that is, 270 to 540 !umens per square meter (25 
to 50 foot-candles). If a brighter display is required, the average and peak currents through the segments could be 


TYPICAL APPLICATION DATA 


increased. 


A peak current of 40 milliamperes is recommended for normal operating conditions at a duty cycle of 20% to obtain 
adequate display brightness. The pulse rate should be high enough so that the light from each character appears 
constant. A minimum pulse rate of 60 hertz can be used; however, rates of one kilohertz to ten kilohertz are 
recommended to prevent flickering of the display. 





TIL837/TIL838 













OARNAD RIC) S 


Ce Se ee a, 
i 1 


| DIGIT 1 CATHODES 















I DIGIT 2 CATHODES 
DIGIT 3 CATHODES 
DIGIT 4 CATHODES | tt 
DIGIT 5 CATHODES 


5 
| IDENTICAL I 
I circuits I 
ae eee 
r 8 q SEGMENT A ANODES 


IDENTICAL Voc =+5V SEGMENTBANODES | || |_| [| 

[7 CIRCUITS = g SEGMENT C ANODES 
SEGMENT D ANODES 

82.52 SEGMENT E ANODES 
SEGMENT F ANODES 


5102 ae) 2N5449 SEGMENT G ANODES 
US : 


DECIMAL ANODE 

















ee ee ae 


Vec — VCE(sat)(2N5449) — VCE(sat) (T1S143) — VF(LED) 
tem TYPICAL CONDITIONS 





Vcc =5V 


VCE (sat)(2N5449) = 0.2 V 


VCE(sat}(T1S143) = 1.0 V 
VF(LED) = 1.8 V at 40 mA 


FIGURE 3 bei = 40am 


Duty Cycle = 20% 


R_ =502 
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TYPES TIL839 THRU TIL842 
2-DIGIT NUMERIC DISPLAYS 


BULLETIN NO. DL-S 12626, JULY 1978 


RED DUAL SOLID-STATE DISPLAYS WITH RIGHT-HAND DECIMAL POINTS 


@ 12.7-mm (0.500-Inch) Character Height’ 
@ Continuous Uniform Segments operation | COMMON | COMMON 
P ANODE | CATHODE 


Wide Viewing Angle 


e For TV Channel Indicator and Other 
2-Digit Applications 


description 


MULTIPLEX TIL839 TIL840 
CONTINUOUS] TIL842 TIL841 





These red displays offer options to fit almost any requirement for a 2-digit format. The TIL839 and TIL840 are 
designed to operate in the multiplex mode whereby each digit is enabled alternately by its common line with selected 
segment signals present in phase with the enabling pulse. This arrangement requires the minimum number of 
connections. The T!L841 and TIL842 have independent connections for each segment (except for the common line) 
and may be operated continuously. 


TIL839 


LEFT RIGHT 
DIGIT OIGIT 
ANODES ANODES 


DECIMAL (8) 


TIL841 


ALL 
CATHODES ight 


DIGIT 
ANODES 


DECIMAL (4) 


(9) DECIMAL 


TIL840 


LEFT RIGHT 
DIGIT DIGIT 
CATHODES CATHODES 


TIL842 


ALL 


LEFT ANODES RIGHT 
DIGIT DIGIT 
CATHODES CATHODES 


DECIMAL 6) 


Copyright © 1978 by Texas Instruments Incorporated 
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TYPES TIL839 THRU TIL842 
2-DIGIT NUMERIC DISPLAYS 





absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature, Each Segment or Decimal Point . .......2.2.2..=.23V 
Peak Forward Current at (or below) 25°C Free-Air Temperature, Each Segment or Decimal Point » . « . 200MA 
Average Forward Current at (or below) 25°C Free-Air Temperature (See Note 1), 


Each Segment or Decimal Point . . 2... 1 1. ee ee ee ee eee ee ee ew we ee) 625MA 
Operating Free-Air Temperature Range . 2. 1 1 1 eee ee ee ee ee we eee ee) 625°C to 85°C 
Storage Temperature Range Oe? hein ke ae ik Os Be ge des Rhode wes es Selsl & a eg do yk Se Cte Bo © 
Terminal Temperature for 5 Seconds . . 2... 1 ee ee ee ee ee ee ee ee ew ee 230°C 


NOTE 1: This average vatue applies for any 10-ms period. Derate linearly to 10 mA at 85°C free-air temperature at the rate of 0.25 mA/°C. 


operating characteristics of each segment or decimal point at 25°C free-air temperature 


ly Luminous Intensity (See Note 2) 





Segment-to-Segment Luminous 
Intensity Ratio 


NOTE 2: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 
|lumination) eye-response curve, 





mechanical data 


The displays are formed by placing a reflector assembly within a red transparent plastic case that is attached to a 
Printed-circuit board that contains the light-emitting-diode chips. To optimize device performance, materials are used 
that are limited to certain solvents for cleaning operations. It is recommended that only Freont TF, isopropanol, or 
water be used. 


2,54 (0.100) T.P. 
18 PLACES arveray 
(See Note b) 


a (0.300) 2.54 (0.100 1,27 (0.050) 
0,889 (0.035) ye i010) MAX 


pee ea NOM 
=” PUI 
DIA YO) \Y Es 
| 25,53 (1.005) 


12,7 26,27 (0.995) 
(0.500) 17,53 (0.690) 
17,27 (0.680) 


CONTRASTING COLOR i. 


DOT IDENTIFIES TAB 1 


| 0,94 (0.037) 
0,68 (0.027) 
25,27 (0.995) 
. All linear dimensions are in millimeters and parenthetically in inches. 
b. The true position tab spacing is 2,54 (0.100). Each tab centerline is located within 0,254 (0.010) of its true position. 
. Dimensions associated with the digit segments and decimal points are nominal. The B, C, E, and F segments are at 


an angle of 10° with respect to the centerline of the display. 





T Trademark of E.1. duPont de Nemours Inc. 
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TIXL311 HEXADECIMAL LED DISPLAY 


by Bruce E. Aldridge 


The TIL311 is designed to store and display decimal and 
hexadecimal data. The device consists of an MSI logic chip 
to perform logic and storage functions plus a light emitting 
diode (LED) display in a single 14-pin dual in-line package. 

It accepts parallel 8-4-2-1 data on four input lines and 
displays the corresponding decimal or hexadecimal charac- 
ter on a 4-by-7 dot matrix. Figure 1 illustrates the 
hexadecimal character representation for the decimal 
numbers 0 through 15. The logic levels are designed to be 


i¢) 1 


2 3 4 5 6 7 
8 9 10 11 12 13 14 15 
FIGURE 1. TIL311 Hexadecimal Character Configuration 


BLANKING 
INPUT 


LATCH 
STROBE 
INPUT 







24 


DATA 
INPUTS 


FOUR 
BIT DECODER 
LATCH 


TTL compatible: a high level is 2V to 5 Va low level is 
OV to 0.8 V. 

The block diagram in Figure 2 shows the major 
sections of the TIL311; latches, decoder, current driver, 
and LED display. The inputs are DATA, LATCH STROBE, 
BLANKING, and DP. DATA is parallel 8-4-2-1 coded data. 
When LATCH STROBE is low, the data in the latches 
follow the data inputs. When LATCH STROBE goes high, 
the data on the input lines at strobe time is stored in the 
latches. 

The 4-bit code is decoded and the required diodes are 
turned on via the constant-current drivers to display the 
proper character. 

The LED display contains two decimal points: one to 
the left and one to the right of the character. A low input 
to one of the DP inputs will turn that decimal point on. 

BLANKING must be low to display the character. 
When BLANKING goes high, the character is turned off 
tegardless of the inputs. The BLANKING input does not 
change the data stored in the latches. BLANKING may be 
pulsed to intensity-modulate the display. The apparent 
brightness of the display is proportional to the duty cycle 
of the modulating signal, assuming a frequency high enough 
to avoid visible flicker. For example, at 1 kHz, a 50% duty 







CONSTANT 
CURRENT 
DRIVER 








FIGURE 2. TIL311 Hexadecimal Display Block Diagram 
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TIL311 HEXADECIMAL LED DISPLAY 


LATCH 
STROBE 
ENABLE 


LOGICAL 
ONE 


CLOCK 








TIL311 


FIGURE 3. TIL311 Used As Counter Display 


@SC@coc@eococ@eee@ee@e0coeod 


LSB 


FIGURE 4. Discrete Light Display for a 16-Bit Register 


cycle would cause an apparent brightness of 50% of the 
steady-state brightness. 

Figure 3 illustrates the use of the TIL311 as a decimal 
display. The JK flip-flops are connected as a count-by-ten 
counter and represent one decade position in a multi- 
decade counter. The four Q outputs of the-four flip-flops 
furnish the data inputs to the TIL311. Normally LATCH 
STROBE will be held high so that the display does not 
follow the counting. When counting is complete for a given 
time base, LATCH STROBE is pulsed with a negative-going 
pulse. The new data is then transferred from the decade 
counter into the latches and displayed. 

Another application for the TIL311 is to display 
register information on computer control panels and service 
panels. Figure 4 illustrates the use of discrete lights to 
display the contents of a 16-bit register. The length of the 
display can easily lead to errors in interpretation of the 


data. Figure 5 illustrates the use of the TIL311 to display 
the same data in the same 16-bit register. The 16 register 
positions are divided into four 4-bit groups. The four bits in 
each group provide the inputs to each of four TIL311 
displays. The resulting four hexadecimal character display 
provides a more concise interpretation of the register data. 


FIGURE 5. Hexadecimal Display for a 16-Bit Register 
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COUNTING CIRCUITS 
USING TIL306 AND TIL308 LEDs 


Bert 


by 
Kehren 
and 


Bruce Aldridge 


Digital instruments have experienced a constant evolution 
since 1960. Counters that once occupied several inches of 
rack space in a 19-inch rack have been replaced by units the 
size of a text book with performance characteristics 
surpassing the older models. A major contribution to these 
changes is the continued advances in solid-state devices: 
integrated circuits have replaced the tubes and transistors 
and light-emitting diodes (LEDs) have replaced the 
incandescent displays. 


Texas Instruments has introduced a new product that 
simplifies further the design of systems utilizing counters or 
digital read-outs. By combining an IC chip to perform the 
logic function and an LED display in-a single 16-pin dual 


in-line package, Texas Instruments has provided the 
designer a device that reduces the complexity of his system 
without reducing flexibility of design. Two of these devices 
are the TIL306 and TIL308. The TIL306 and TIL308 have 
decimal points to the left side of the character. The TIL307 
and TIL309 have decimal points to the right side of the 
character, but are otherwise identical to the TIL306 and 
TIL308, respectively. They can be combined to count, 
store, and display data in multiple decade positions. 


CIRCUIT DESCRIPTION 
The TIL306, as shown in Figure 1, consists of four 
Major sections: counter, latches, decoder/driver, and LED 
display. 


LOGIC OUTPUTS Vec 






SERIAL MAX COUNT 


CARRY (SC) 


PARALLEL 
CARRY (PC) 


CLOCK 





CLEAR 
alanine ‘a 
LATCH UL aaa ae 
STROBE 
eee COUNTER LATCHES DECODER/DRIVER LED DISPLAY 
Ee SL eed 










RBO DECIMAL 
NODE POINT 





RIPPLE 







FIGURE 1. Functional Block Diagram of TIL306 
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The counter is connected as a synchronous counter. 
This configuration takes advantage of the minimal 
propogation delay to give maximum speed capability. 
Inputs to the counter are CLEAR, CLOCK, SERIAL 
CARRY, and PARALLEL CARRY. The counter and its 
inputs generate an output, MAX COUNT. Additional 
connections are LATCH STROBE, BLANKING, RIPPLE 
BLANKING, RBO, DECIMAL POINT and LOGIC 
OUTPUTS. All inputs and outputs are designed to be TTL 
compatible. A high level is a minimum of 2 V and a low 
level is a maximum of 0.8 V. A low input to CLEAR will 
reset the counter to zero independently of any other input. 
As long as the input remains low the counter remains at 
zero. A high is required to allow the counter to count. 


The CLOCK input is the signal to be counted. With 
an input the counter will advance from 0 to 9. At a count 
of 9 the counter automatically resets to O with the next 
pulse. The counter changes state on the positive-going edge 
of the clock pulse. The clock pulse to the counter is 
controlled by SERIAL CARRY and PARALLEL CARRY. 

The MAX COUNT output goes low when the counter 
reaches a count of 9, and then goes high when the counter 
progresses to 0 on the next clock input. This output can be 
connected to the CLOCK input of the next decade position 
for asynchronous operation or to the SERIAL CARRY 


LATCH OUTPUTS 
BLANKING 
INPUT 


LATCH 
DATA c 
INPUTS 


| LATCHES J 








ECODER/DRIVER 
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input of the next decade position for synchronous 
operation. 

A high on SERIAL CARRY inhibits the counter and 
forces MAX COUNT to go high regardless of the state of 
the counter stages. When SERIAL CARRY and 
PARALLEL CARRY go low, the CLOCK is enabled to the 
counter stages and the MAX COUNT gate is allowed to 
sense the status of the counter. The logic level of SERIAL 
CARRY must not be allowed to change while CLOCK is 
low or erroneous counts may result. 

PARALLEL CARRY permits look ahead carry inputs 
from lower order decade positions. A high input inhibits 
the clock to the counter stages. When PARALLEL CARRY 
and SERIAL CARRY go low the clock to the counter 
stages is enabled. The logic level of PARALLEL CARRY 
must not be allowed to change while CLOCK is low or 
erroneous counts may result. 

LATCH STROBE transfers the data in the counter 
stages to the latch storage to be displayed. With LATCH 
STROBE low, the latch flip-flops follow the states of the 
counter flip-flops. When LATCH STROBE goes high, the 
counter data is stored in the latch flip-flops. The counter 
can continue to count while the previous information is 
stored in the latches. 

The DECIMAL POINT input controls the display of 
the decimal point. A high is required to turn on the LED 
decimal point display. 


Vec 





TO LOGIC CHIP 


Jt LED DISPLAY j 


FIGURE 2. Functional Block Diagram of TIL308 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


COUNTING CIRCUITS USING TIL306 AND TIL308 LEDs 


A high on BLANKING inhibits the driver and gates 
and blanks the LED display. For normal operation, the 
BLANKING input must be low. 

A low on RIPPLE BLANKING blanks the display if 
the latch flip-flops contain a count of zero. This 
combination also forces the RBO NODE to go low. By 
connecting the RBO NODE of one decade position to the 
RIPPLE BLANKING input of the next decade position, 
zero suppression can be achieved. This is discussed in detail 
in a later portion of this report, Counter Circuit 
Description. The RBO NODE has a resistor pullup, which 
allows this output to be used as an input. A low level 
applied to RBO will blank the LED display independently 
of other input. 


The TIL308 looks physically identical to the 


TIL306. However, the TIL306 contains a counter section: _ 


the TIL308 does not. The TIL308 accepts 8-4-2-1 BCD 
code from external sources, stores it in latches, and displays 
the stored character by means of an LED display. As shown 
in Figure 2, the TIL308 consists of the three major 
sections: latch, decoder/driver, and LED display. 


The inputs and outputs, designed to be TTL 
compatible, consist of DATA INPUTS, DATA OUTPUTS, 
LATCH STROBE, BLANKING, and LED TEST. 

The BCD data and decimal point on the DATA 
INPUT lines are transferred into the latch flip-flops when 
LATCH STROBE is low. The BCD data and decimal point 
data stored in the latches are available at DATA OUTPUT. 
With LATCH STROBE high the DATA INPUT lines can 
change without effecting the data stored in the latches. 

BLANKING must be high to display the data stored 
in the latches. When BLANKING goes low, the decoder 
drivers are inhibited and LED display is turned off. The 
data stored in the latches are not effected by BLANKING. 

LED TEST can be used to test the LED display. A 
low to LED TEST will override all other signals and turn all 
of the LEDs on. LED TEST does not change the status of 
the latches. 

With the basic operation of the circuits outlined, two 
typical interconnection methods are shown in Figure 3 
and 4. Figure 3 shows the TIL306 connected in the 
synchronous mode. Figure 4 shows the TIL306 in the 
asynchronous mode. The asynchronous mode will be used 
in the following example of a counter. 


CLOCK input 





FIGURE 3. TIL306 Interconnections for Synchronous- 
Count Mode and High-Order-Zero 
Suppression. 








CLOCK tNPUT 
MOST LEAST SIGNIFICANT 
SIGNIFICANT 81T BIT 


FIGURE 4. TIL306 Interconnections for 
Asynchronous-Counting Mode and 
Low-Order-Zero Suppression. 


COUNTER CIRCUIT DESCRIPTION 


The counter is a major constituent in digital instru- 
ments. Digital voltmeters, frequency counters, event 
counters, and period counters all have a circuit in common, 
very much like the one shown in Figure 4. 

The circuit to be discussed in detail in this report 
incorporates both the TIL306 and the TIL308. One of the 
limiting factors of the TIL306 is that the counter typically 
does not count faster than 18 MHz. Combining the TIL306 
with a TIL308 and feeding the TIL308 from a high-speed 
counter expands the system to a much higher frequency. 
Figure 5 shows a BCD counter capable of working at 
100 MHz. The circuit consists of two SN74S112 Schottky 


LATCH ATROSE 





FIGURE 5. 100 MHz Decade Counter Using Texas Intru- 
ments Schottky TTL Logic and A TIL308 Display. 


TTL circuits and one SN74S11 Schottky TTL circuit. This 
configuration results in an asynchronous BCD counter 
capable of dividing a 100-MHz signal down to 10 MHz. The 
speed is a result of Texas Instruments Schottky TTL 
devices that allow flip-flops to toggle in excess of 
100 MHz. The Q outputs of the four flip-flops are fed into 
one TIL308, resulting in a decade with readout. The 
following decade position consists of a TIL306, which is 
capable of handling the 10 MHz rate. This circuit can be 
expanded even further by preceeding the Schottky counter 
stage with an ECL counter stage. ECL IC flip-flops with a 
400-MHz toggle rate and discrete built ECL flip-flops with a 
toggle rate of 800 MHz are possible. Figure 6 shows a block 
diagram of a stage which is capable of counting up to 
800 MHz. Since ECL levels do not coincide with TTL 
levels, an ECL-TTL converter is necessary. The output of 
the converter will drive the TIL308 without any 
interference caused by switching speed problems. 
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FIGURE 6, 800-MHz Decade Counter Using ECL Logic 
and A TIL308 Display. 








TIL306 devices shows a big empty surface in the middle of 
the board and considerably fewer interconnects to the 
display. The cost savings resulting from using such a 
counter are quite obvious. 


Figure 9 is a photo of a 100-MHz counter using seven 
TIL306 devices and two TIL308 devices. A compact 
assembly technique reduced the total size. 





FIGURE 8. Two Counters with Identical Performance. Counter (A) Uses TIL306 Devices; Counter (B) Dues not. Note how 
many less Components are Needed in the Counter Using TIL306 Devices. 


Figure 7 is a block diagram representation of a 
nine-digit readout, consisting of an ECL decade counter 
with a TIL308 display and a Schottky TTL decade counter 
with a TIL308 display, as just described, and seven TIL306 
devices. Part count is minimal, and the complexity of the 
PC Board is minimized. 


Figure 8 is a photo of two counters with identical 
performance illustrating the difference in component count 
between a conventional counter consisting of SN7490, 
SN7475, and SN7447 TTL integrated circuits, resistors, 
with a display using TIL302 devices, and a counter using 
TIL306 devices. Both counters are specified to operate up 
to 15 MHz using a six-digit readout. The counter using 





FIGURE 9. A Portable 100-MHz Counter Using Seven 
TIL306 Devices. 
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Figure 10 shows all of the basic circuit boards and 
components used in the counter shown in Figure 9 and 
shown schematically in Figure 12. The upper board is 
timebase. The center board is control. The bottom board is 
counter and display. 
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FIGURE 10. The Three Basic Circuit Boards 
of the Portable Counter. 





in Figure S and seven TIL306 devices. This counter is 
capable of measuring frequencies up to 100 MHz and time 
with 10-nanosecond resolution. Again minimum part count 
and simplicity have been the major objectives. The unit is 
universal and the counter can be expanded into other 
functions by adding circuits to the basic building block. 


Devry 


RBRVS ae) 


FIGURE I1. The Three Basic Circuit Boards Fastened 
Together into A Compact, High-Density Unit 
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FIGURE 12, Schematic of A Frequency and Time Counter 


Figure 11 shows the assembly technique for high 
density component packing. The total size is 1.2 inches 
high, 1.2 inches deep and 4.25 inches wide. This counter 
can be incorporated in a lightweight and _ portable 
instrument. Total power dissipation is 9 watts. 


Figure 12 shows a complete schematic of a frequency 
and time counter incorporating the 100-MHz stage shown 


The counter has three main functional sections: 
timebase, control, and counter. 


The top part of Figure 12 is the time base. A 10-MHz 
oscillator is formed using two SN74HO4 TTL high-speed 
inverters. The output is coupled through a third inverter to 
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isolate the oscillator from the rest of the circuit. 
Capacitor C1! is a coarse adjust and capacitor C2 is a fine 
adjust. C2 should be a piston capacitor to allow finer 
resolution during adjustment. For more accurate 
requirements, a separate oscillator in a 
temperature-controlled oven with AGC circuitry can 
replace this circuit. The output of the oscillator is fed into a 
divider chain consisting of eight SN7490 decade dividers. 
Timing signals from 10 MHz to 0.1 Hz are generated and 
switch selectable as the time base. In the middle of the 
schematic in Figure 10 is the control circuit. The purpose 
of the control circuit is to gate the counter, and to generate 
latch strobe, and reset signals. 

The input of F/F1 is the time base signal in the 
frequency measuring mode or the unknown time period in 
the time measuring mode. 

With all circuits reset, the Q output of F/F2 holds a 
high level at the JK inputs of F/F1. With a pulse coming 
into the F/F1l, Q of F/Fl changes from 0 to 1 on the 
negative-going edge. This 1 is applied to the first stage of 
the counter, allowing it to count. F/F2 does not change 
state since it changes only on a negative-going edge. With 
the next pulse to the clock input of F/F1, F/F1 changes 
state on the negative-going edge, changing the Q output 
from logical 1 to logical zero. This negative-going transition 
sets F/F2 and at the same time stops the counter from 
counting. With F/F2 set, Q of F/F2 is a0. A 0 at the JK 
inputs of F/F1 inhibits change with any additional pulses 
coming into its clock input. The Q output of F/F2 is 
connected to the input of a monostable multivibrator, 1/2 
SN74123. This multivibrator generates a short 
positive-going pulse at the Q output. The pulse width is 
determined by the RC combination R6C5 and is set in this 
application to 150 nanoseconds. The output signal is 
inverted and applied to the Latch Strobe inputs of the 
TIL306 and TIL308 devices. This pulse transfers the data 
from the counters into the latches to be displayed. 

The Q of F/F2 is connected to the JK inputs of F/F1 
and also through a resistor to transistor TI. During 
counting operation Q2 is high, turning T! on and 
preventing C4 from charging. At the end of the count cycle, 
the Q2 is low, turning Tl off. The capacitor C4 begins 
charging through resistors R4 and RS. R4 is adjustable and 
allows a variation in the display time. RS prevents the 
charging current and the current through Tl from 
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exceeding 1 mA when R4 is turned to zero. Once the 
charge across C4 reaches the firing potential of the 
unijunction, T2, the unijunction generates a positive pulse 
at Base2, which is coupled into the monostable 
multivibrator, SN74123. The positive pulse determined by 
R7C6, 150 nanoseconds wide, is inverted by an inverter, 1/6 
of SN74H04, and applied to the reset input of the TIL306 
devices, the four F/Fs of the first counter stage, and the 
two F/Fs in the control section. With F/F1l and F/F2 reset 
the JK inputs are reset to a high level by F/F2 and the 
circuit is again ready to handle the incoming signal. 

The bottom part of the schematic in Figure 10 shows 
the counter section. The first stage is made up of two 
SN74S112, one SN74S11, and one TIL308. The two 
SN74S112 circuits and one SN74S11 circuit form a decade 
counter consisting of four flip-flops and one gate. Schottky 
TTL devices are used because of the speed requirement. If 
only a 70-MHz counting rate is required, this circuit could 
be a single SN74196 circuit. The re) output of the fourth 
F/F is connected to the clock input of the first TIL306. 
The maximum count of the TIL306 is connected to the 
clock input of the next TIL306. This operation is the 
asynchronous mode, which is acceptable for counter 
purposes. 

The counter is controlled by the two inputs to the 
first F/F of the first decade. The clock input is the 
unknown frequency in the frequency mode, or the known 
time pulses from the time base in the time-measuring mode. 
The JK inputs are connected to the Q output of the control 
F/F. This signal gates the counter. As already explained, a 
high level to the JK inputs allows the F/F to change state 
on a negative edge of a pulse applied to the clock input. 
With the JK inputs low, the clock input does not affect the 
F/F. 

To complete the operation of the counter, the Latch 
Strobe and the Reset are applied to the circuit as shown. $3 
allows choosing between suppression or displaying of zeroes 
to the left of the most significant digit. With the switch 
closed, a ground is applied to the ripple blanking input of 
the most significant digit. If this digit is a zero, the display 
is blanked and the ripple blanking output goes zero. This 
output is connected to the next digit and the process 
repeated until all leading zeroes are suppressed. If switch S3 
is opened the high-order zeroes are displayed. All that is 
necessary for operation of the counter now is to provide a 
power supply and a signal to be counted. 
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QUICK REFERENCE GUIDE 
HERMETIC DISPLAYS 





HERMETIC DISPLAYS 
QUICK REFERENCE GUIDE 


CHARACTER 
TYPE OF GOron 


HEIGHT 
CHARACTER(S) 


mm (INCHES) | DISPLAY 
~ 7-segment 6,9 (0.270) 
TIL504 


5X7 
alphanumeric 7,6 (0.300) 


14-lead 
hermetically 
sealed dual- 
in-line 
14-lead 
hermetically 
sealed dual- 


in-line 


8-lead 
hermetically 
sealed 
16-lead 
hermetically 
sealed dual- 


7-segment 


TILS506 7,6 (0.300) 


5X7 
TIL507 alphanumeric 7,6 (0.300) 
5X7 
alphanumeric 12,7 (0.500) 


in-line 
28-lead 


hermetically 


14-lead 
TILS05 | Hexadecimat | 7,6 (0.300) hermetically 

sealed dual- 

in-line 


TILS60 


sealed 


Formerly TIL501. Electrically and mechanically interchangeable 
with TIL302 


Electrically interchangeable with TIL305 


Self-contained storage and logic 


Internal TTL MSI chip with decoder and driver. Left Decimal 


Integral D-type flip-flop column drivers and series limiting resistors. 
Left decimal. 


Three 5 X 7 alphanumeric characters. Logic includes two SN54164 
8-bit shift-register chips. Pins fit Navy WS6157/1 Series sockets 
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TYPE 4N41 
7-SEGMENT NUMERIC DISPLAY 


BULLETIN NO. DL-S 12388, MARCH 1976 






HERMETICALLY SEALED SOLID-STATE VISIBLE DISPLAY 
(FORMERLY TIL501) 


e Electrically and Mechanically @ Withstands Severe Environmental Conditions 
Interchangeable with TIL302 © Left-Hand Decimal 


© 6,9-mm (0.270-Inch) Character Height 


© High Luminous Intensity 


e Wide Viewing Angle 
@ Compatible with Most TTL and DTL Circuits 


e Each Unit Checked for Uniformity 
of Elements 


o@ Low Power Requirements 
*mechanical data 


The display is mounted on a ceramic header, which is then hermetically sealed to a glass cover. Multiple displays may be 
mounted on 11,4-mm (0.450-inch) centers. 


ANODES 


SEATING PLANE 


7,6 (0.300) MIN 
ANOD ‘ 
C.D - ALL PINS 


D 
[Sige epee en eee | © 0,305 (0.012) 
0,203 (0.008) | : rere _ 
- i i ALL PINS 62 2 0, 
NC—No internal connection ¢ (0.3003 0-010) 1 


1,91 (0.075) MAX 1,91 (0.075) MAX 
0,559 (0.022) 


0,457 (0.018) 
ALL PINS 


2,16 (0.085) 


19,31 (0.760) 
18,79 (0,740) 


3,2 (0.127) 





4,1 (0.162) 3,2 (0.327) 


4,5 (0.176) 
2,16 (0.085) MAX 


2,54 (0.100) T.P. 
2,21 (0.087) 10,42 (0.410) Meals 
7 : 3,8 (0.150) MAX 30,42 (0.410) (See Note c) 
SEATING PLANE 9,90 (0.390) 


NOTES: a. All linear dimensions are in millimeters and parenthetically in inches, 
b. Centerlines of character segments and decimal points are shown as dashed lines. Associated dimensions are nominal, 
c. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines, Each centerline is located within 
0,26 (0.010 inch) of its true longitudinal position relative to pins 4 and 11. 





*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPE 4N41 
7-SEGMENT NUMERIC DISPLAY 





*absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature: 


Each:Segment: «os s:28 2oe-Heu woehe d, wow wt ewe te ee Boke Soe we Re ae a we BV. 

Decimal Point . . . - a gn cgitels ae wt S, GIG Rte 8 tet ei a s? SW 
Peak Forward Current at (or below) 70° °C ree: Air Temperature, (See Note 4) 

Each Segment or Decimal Point ... . Sicabiclae eh detect: Ss et ao A wy ee ee ee ets BS ew ce So 2ZOOIMA 
Average Forward Current at (or below) 70°C Free- Air Temperature (See Notes 2 and 3): 

Each Segment or Decimal Point . . . 2. 1 1 1. ee ee ee ee ee ee ee te ew ee we we es) 6 BOMA 

Total .... Mpa we ee tea Ma) ee aon ea eee Pe Aural Gl ile ae cee te ZAOMA 
Operating Free- {Ale Temperature Range fs 6 kk ee wee ae we wee 2 es) = O57S 10°100°C 
Storage Temperature Range . . re re wee ew ee ee) 665°C to 125°C 
Lead Temperature 1,6 mm (1/16 Inch) Below the Seating Plane for 10 Seconds Ease, @ hehe Sh Aten, “2007S 


NOTES: 1. Derate linearly to 100°C free-air temperature at the rate of 6.67 mMA/°C. 
2. These average values apply for any 10-ms period. 


3. Derate linearly to 100°C free-air temperature at the rates of 1 mA/°C for each segment or decimal point and 8 mA/°C for the 
total device. 


*operating characteristics of each segment at 25°C free-air temperature (unless otherwise noted) 


TEST CONDITIONS 
640 680 [nm _ 


aye Average Temperature Coefficient of Static Forward Voltage Le niles mV/C 
= 0°C to 100°C 

















IR Static Reverse Current a 6V 
Cc Anode-to-Cathode Capacitance VrR=0, f= 1 MHz 


*operating characteristics of decimal point at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
ly Luminous Intensity (See Note 4) 100360 ____t nes | 
A Wavelength at Peak Emission 

= g iene So 860 680 Tee 


Spectral Bandwidth 
Static Forward Voltage aH 


Ie = 20 mA, 
Average Temperature Coefficient of Static Forward Voltage vic 
Ta = 0°C to 100°C aoe 


IR Static Reverse Current VR=3V F100 | A 
Cc Anode-to-Cathode Capacitance VR=0, f = 1MHz | 120s 


NOTE 4: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 
Mlumination) eye-response curve. 


























*JEDEC registered data 
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Relative Luminous Intensity 


20 mA 


Luminous Intensity Relative to Value at IF 


TYPE 4N41 
7-SEGMENT NUMERIC DISPLAY 





TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 









teal La 
a a 
aA ie] le elt | 
ase Zee ie 
Se ARBs 


600 620 640 660 680 700 


A—Wavelength—nm 
FIGURE 1 









RELATIVE LUMINOUS INTENSITY 
vs 
FORWARD CURRENT 





!——Forward Current—mA 
FIGURE 3 


Luminous Intensity Relative to Value at Ta = 25°C 


| p—Forward Current—mA 


> 


RELATIVE LUMINOUS INTENSITY 
vs 


FREE-AIR TEMPERATURE 





—75 -50 -25 0 25 50 $75 100 


40 


Ta—Free-Air Temperature—C 


FIGURE 2 


FORWARD CONDUCTION CHARACTERISTICS 


ae 
POINT BACH 
| SEGMENT | 















| ot 
a | | ine 
VF—Forward Voltage—V 
FIGURE 4 
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TYPE 4N41 
7-SEGMENT NUMERIC DISPLAY 





TYPICAL APPLICATION DATA 


Sv 





vec \O0 © 8 A,LAMP GND 
ce Test 
BCD INPUT 


NOTES: A. R1 and R2 are selected for desired brightness. 
B. SN74L47 may be used in place of SN7447A in applications where segment forward current will not exceed 20 mA, or SN74LS47 
may be used for current up to 24 mA. An alternate font is available in the SN74247 and SN74LS247. For use below 0°C and/or 
above 70°C, substitute parts from the 54 Family. 


FUNCTION TABLE 
SN7447A, SN74L47, SN74LS47 
DECIMAL 


INPUTS SEGMENTS 
ioe a 


BI/RBOt NOTE 






















































FUNCTION D c B A a b c d e f 
0 H H L L L L ON ON ON ON ON. ON 
1 H xX L L L H OFF ON ON OFF OFF OFF 
2 H Xx L L H L ON ON OFF ON ON OFF 
3 H x L L H H ON ON ON ON OFF OFF 
4 H x L H L L 
5 H x L H L H 
6 H x L H H L 
7 H xX L H H H 
8 H X H L L L ON ON 
9 H X H L L H OFF OFF 
10 H xX H L H L ON ON 
11 H Xx H L H H ON OFF 
12 H x H H L L 
13 H Xx H H L H 
14 H x H H H L 
15 H x H H H H 
BI xX X x x x x L 
RBI H L L L L L L 
LT L x x x Xx x H 


H = high level (logic 1 in positive togic), L = low level (logic 0 in positive logic), X = irrelevant. 


TBI/RBO is wire-AND logic serving as blanking input (B!) and/or ripple-blanking output (RBO). 
tThese segments would be on if the SN74247 or SN74LS247 were used. 
NOTES: 1. The blanking input (BI) must be open or held at a high logic level when output functions 0 through 15 are desired. The 
ripple-blanking input (RBI) must be open or high if blanking of a decimal zero is not desired. 
2. When a low logic level is applied directly to the blanking input (BI), all segment outputs are off regardless of any other input. 
3. When the ripple-blanking input (R81!) and inputs A, B, C, and D are at a low logic level with the lamp test input high, all segment 
outputs are off and the ripple-blanking output (RBO) of the decoder goes to a low level (response condition). 
4. When the blanking input/ripple blanking output (BI/RBO) is open or held high and a low is applied to the lamp-test input, all 


segments are illuminated. 
ALTERNATE FONT 
SN7447A, SN74L47, SN74LS47 SN74247, SN74LS247 





0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 18 6 9 
NUMERICAL DESIGNATIONS—RESULTANT DISPLAYS 
RECOMMENDED DECODE/DRIVE WITH BCD INPUTS 
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© High Luminous Intensity 


e Electrically Interchangeable with 
TIL305 with Same Pin Connections 


© 7,6-mm (0.300-inch) Character Height 


eo Low Power Requirements 


e Each Unit Checked 


for Uniformity of Elements 


mechanical data 


TYPE TIL504 


5 X 7 ALPHANUMERIC DISPLAY 


BULLETIN NO. DL-S 12210, NOVEMBER 1974—REVISED MAY 1976 


HERMETICALLY SEALED SOLID-STATE VISIBLE DISPLAY 





e Withstands Severe Environmental 
Conditions 


e Left-Hand Decimal 


© Wide Viewing Angle 
° Compatible with Most TTL and DTL 


Circuits 


The display is mounted on a ceramic header which is then hermetically sealed to a glass cover. Multiple displays may be 
mounted on 12,7-mm (0.500-inch) centers. 


TOP VIEW ORIENTATION 


PIN 1 
PIN2 
PIN3 
PIN4 
PINS 
PING 
PIN 7 
PINS 
PINS 
PIN 10 


COLUMN 2 
ROW 1 
ROW 3 
ROW 4 
COLUMN 1 
NO INTERNAL CONNECTION 
DECIMAL 
COLUMN 3 
ROW 7 
ROW 6 
PIN11 ROWS 
PIN 12 ROW 2 
PIN 13 COLUMN 5 
PIN 14 COLUMN 4 


NOTES: 


4,4 (0.175) NOM 


DECIMAL POINT 


1,27 (0.050) 
NOM 
{See Note b) 


SEATING PLANE 


1,15 (0.045) 
084 10.033) DIA 


ALL PINS 


0,534 (0.021) 
0,432 (0.077) 
ALL PINS 


G OF PACKAGE 


2,16 (0.085) 
MAX 


19,31 (0.760 
29 (0. 


2,16 (0.085) 
MAX 


5,59 (0.220) 
4,57 (0.180) 


4,4 (0.175) MIN 


ALL PINS 


. All dimensions are in millimeters and parenthetically in inches, 


12,45 (0,490) 
T7168 (0.460) 
2,54 (0.100) 
AX 


2,54 (0,100) 
MAX 


2,54 (0.100) T.P. 
12 PLACES 
(See Note c) 


7,62 4 0.26 
(0.300 + 0.010) 





b. Vertical and horizontal spacing between centerlines of rows and columns is nominally 1,27 mm (0.050 inch}. 
. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines. Each centerline is located within 


0,26 mm (0,010 inch) of its true longitudinal position relative to pins 4 and 11. 
. Lead dimensions are not controlled above the seating plane. 


78 
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TYPE TIL504 
5 X 7 ALPHANUMERIC DISPLAY 





absolute maximum ratings 


Reverse Voltage at 25°C Free-Air Temperature 2... 1. ee ee ee 3V 
Peak Forward Current at (or below) 70°C free-air temperature, Each Diode (See Note1) ...... =. =. 100mA 
Average Forward Current at (or below) 70°C Free-Air Temperature (See Notes 2 and 3): 
Each Diode fe Ss ae ee el GaP ade ae See deeds Gs Ale te RE a ee we a ea S2OMA 
Total -< 8 ade aie ve Be ee oe A ee a Sb al ch Re de ee ae cate ee 400 MA 
Operating Free-Air Temperature Range ewig lig. Ge. Guas, ahubloue Bld: & eh ae deoes | G6 A64G0'C 
Storage Temperature Range. ww wk ee ee ee ee ee ee ee) 665°C to 125°C 


operating characteristics of each diode at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
ly Luminous Intensity (See Note 4) 80 150 | ued | 

r Wavelength at Peak Emission 640 660 680 
Tip Waveenath Peak Emision Lv gma am] 






p 

AX Spectral Bandwidth ee ee 
Vr __Static Foard Volta ee 
VE 


2% . Ip = 10 mA, 
Average Temperature Coefficient of Static Forward Voltage . . mV/C 
Ta =0Cto 100 C ; 


a 


IR “Static Reverse Current VR=3V | BA 
Cc Anode-to-Cathode Capacitance : VR=0, f= 1 MHz 


NOTES: 





. Derate to 100°C free-air temperature at the rate of 3.33 mA/°C. 

. This value applies for any 250-us period. 

. Derute linearly to 100°C free-air temperature at the rates of 0.67 mA/‘C for each diode and 13.3 mA/C for the total device. 

. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission . 
and Itlumination) eye-response curve. 


RON = 





TYPICAL CHARACTERISTICS 


RELATIVE LUMINOUS INTENSITY 
vs 


RELATIVE SPECTRAL CHARACTERISTICS FREE-AIR TEMPERATURE 


=25°C 





Relative Luminous Intensity 


See a rie eee 
plc tls tues aia NE sey 
i a HS 





Luminous Intensity Relative to Value at TA 


-75 -50 -25 0 25 50 75 100 


600 620 64 0 
A—Wavelength—nm T a—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 
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Average Luminous Intensity Relative to 


Value at Ilppqy = 10 mA 


TYPE TIL504 
5 X 7 ALPHANUMERIC DISPLAY 





TYPICAL CHARACTERISTICS 


RELATIVE LUMINOUS INTENSITY 
vs 
FORWARD CURRENT FORWARD CONDUCTION CHARACTERISTICS 


PEE 















20 

<x 

E 

2 10 ree ee Gd (es) (eet ees Gee eee 2 Ae ee 
5 PS et eee 
(os) 7 (as a ees ee | a 
pa ae) ae (EE SE Sea Pe Dare | ee 
S eset ee eh ee ea Se eT ge Tie | 
eee ee (REET (a CP fea by el a 
i CECE 








0 10 20 30 40 50 0 0.2 0406 08 10 1.2 14 1.6 18 2.0 
lFM—Peak Forward Current--mA Vp—Forward Voltage—V 
FIGURE 3 FIGURE 4 





TYPICAL APPLICATION DATA 


The TIL504 is used as a single character display in the application illustrated in Figure 5. The character displayed is a 
function of the logic input tines 1 through 7 and the blanking input. A low-logic-level voltage applied to the blanking 
input will inhibit the display. 


The five columns of the T1L504 are scanned with a 20% duty cycle. The sequencing is controlled by the unijunction 
transistor oscillator, SN7496 shift register, and one of the SN7416 hex inverter/buffer drivers that are used to invert 
and feed the outputs back to the serial input to form a ring counter. 


The outputs of the ring counter are used to drive the column drivers (A5T2907’s) and the column select inputs of the 
read-only memory after being inverted through another SN7416. 


The logic inputs 1 through 7 are inverted with another SN7416 to make the inputs compatible with positive logic and 
Series 54/74 levels. 


If the coding at the inputs 1 through 7 is USASCII, a TMS4103JC or TMS4103NC read-only memory may be used to 
display the alpha-numeric characters per Figure 6. If the coding is EBCDIC, then a TMS4179JC or TMS4179NC will 
display the alpha-numeric characters per Figure 7. The TMS4103 and TMS4179 are pin-for-pin replacements in this 
circuit. Other codes may be used with a custom TMS4100 read-only memory. 
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TYPE TIL504 
5 X 7 ALPHANUMERIC DISPLAY 


TYPICAL APPLICATION DATA 






2N5449 196 (2) 
(\7 





(an 
& 


iy 
sis 
5 é 


FSESES, 
a 


fa 
S 





ada 
Suess 


12 
ty o7 
2.20k 
(7) Vss Vcc Vv 
IV 


FIGURE 5 


Resistor values are in ohms, 


- + Vee bus. 
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TYPE TIL504 


5 X 7 ALPHANUMERIC DISPLAY 


TYPICAL APPLICATION DATA 


RESULTANT DISPLAYS 
USING TMS4103JC OR TMS4103NC 


WITH USASCII CODED INPUTS 











CEFR) ES GEE ESI GEE) BR EE) ES 
IEF sT1=) Giles (IFES (EE -Te[-7-] BEES [@E-] 






















FEEEEPE) BEES GEE EEEG EES GEG BSE GPE 

[eel-[leTel=] BEES [ele -L--leI-] PEs -E] Bess GEEEEEE] Be 
-FPEEEE -EEEPEE -FPEEEE See 

PEEEPEE) ES PEEEEEE PEPEPEE SE FFEEE 
-PEEEEE FEPEEEE) EBS FPPEEEE 
Pelelslls EEEEEE EF eis EEEE] & 
--EFEEEE -FEEEEH -EFPEEE 
PFE PELEEEL eEEPEFE 
FPEEEE BSeecee -PEPEEE 
PPEEEE PPE PEPE 
-FEEEEE -FEEEEE -PEEEE 
EEPEEEE EEE BEES CEEEEA 
BOSE -EEEE-E BSS CEEEEE 
EEEEFES ESE FPEEEEE] BEE CEPEEEA 





Ke NOT YO” KH NOM STH OP Ke NO THY OM 








1=-H=2Vto5.5V 
O=L=HOVt O8 V 


FIGURE 6 


positive logic: 


1a 
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TYPE TIL504 


5 X 7 ALPHANUMERIC DISPLAY 


TYPICAL APPLICATION DATA 


RESULTANT DISPLAYS 
USING TMS4179JC OR TMS4179NC 


WITH EBCDIC CODED INPUTS 














CEEFEPE -] BEES EEEEEE FFEEEFH H] FREES 
PEEEEFE EEE ET] i FEFEFE] 
BGeeeee ae EEF EEE & see CPEPEEE 5 
(elel--Telel-] BREE (ele -1-F1- — PEERE-H § 

[lle FFele]-] BSS -I-[>1-Fe[] BS E-Te[Te-1-] | BaBBRas "SE 





CESSES BG GEEEEEE IG EEESED (EEE) Eameeae 
-PleF-Ie[e]-] EH (Tele EI-] EES Ieee &f [CREE ET) 
(Tele]-I-[e1-] SEES (Tele I-F-T-1-]  SEECECE EBBE EEEEEEHE 
FEEEEEC) BES GEECEES BES CEECELS BREE CEEEEEH ES 
(el-T-TeleT=1-] EES (=[-[-Te[-Te1-] EES (e[-J-[eTe1-1-] EEE. --T1-1-1-] BSS 
FEEEEEG) BEES) CEEEEEG BEES CEEEEEE oS [-[sF-I]-1-[-] RS 
(T>[-Tele[=[-] EEE [eleI-Te/-Te]-] BEREES (efe1-Tele[-1-] EEEEEENN [=[e[-=[-]-]-] ESSE 
[-[-TeleleTel-) WEEE (-T-Te[e1-Te1-) BEEEEEM (-I-Tele[[-1-] EBBBRS L-]-Te/°[-]-]-] SEES 
El-l(-11-] EES E-TcTe 1] EEE (Eee [1-7] BES EEE) 
-lllle[-[-] BEES) Clelele(-Te1-] BEES leTeleTs1-1-] BESS CTeTe/I-1-1-] aed 
PEPE] BEES Gere] ES Cl] SES ric] 


Ke NO TM OR HK NOMtTNMOR - NOM THOR KF NM TMH OR 
















positive logic: 1=H=2Vto 55 V 


FIGURE 7 


O=L=OVt0OO8 V 
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TYPE TIL505 
HEXADECIMAL DISPLAY WITH LOGIC 


BULLETIN NO, DL-S 12213, NOVEMBER 1974 







SOLID-STATE VISIBLE HEXADECIMAL DISPLAY WITH 
INTEGRAL TTL CIRCUIT TO ACCEPT, 
STORE, AND DISPLAY 4-BIT BINARY DATA 


° Electrically Interchangeable with TIL311 e© Wide Viewing Angle 
© 7,62-mm (0.300-Inch) Character Height © Internal TTL MS! Chip with Latch, Decoder, 


© Left-and-Right-Hand Decimals and Driver 


© Separate LED and Logic Power e@ Operates from 5-Volt or 6-Volt Supply 


Supplies May Be Used e Constant-Current Drive for Hexadecimal 


o Easy System Interface Characters 


eo Withstands Severe Environmental Conditions 


mechanical data 


The display and TTL MS! chip are mounted on a ceramic header which is then hermetically sealed to a glass window. 
Multiple displays may be mounted on 12,7-mm (0.500-inch) centers. 


2,16 (0.085) MAX 12,45 (0.490) 
4 PLACES 11,68 (0.460) 
qavigien 2,54 (0,100) MAX PIN 1 LEDSUPPLY VOLTAGE 


1,78 (0.070) BOTH ROWS PIN2 LATCH DATA INPUT 8B 
ecnenis PIN3 LATCH DATA INPUT A 
PIN 4 LEFT DECIMAL POINT CATHODE 
PINS NOINTERNAL CONNECTIONt ' 
L d PING LATCH STROBE INPUTT 
6,9 (0.270) 19,31 (0.760) PIN 7 COMMON GROUND 
18,78 (0.740) PINS BLANKING INPUT 
—b oh : PINS NOINTERNAL CONNECTION | 
432 (0,170) ——|- |? 2,54 (0.100) T.P, PIN 10 RIGHT DECIMAL POINT CATHODE 
abasic PIN 11 NO INTERNAL CONNECTION 
PIN 12 LATCH DATA INPUT D 
PIN 13 LATCH DATA INPUT C 
PIN 14 LOGIC SUPPLY VOLTAGE, Voc 


7.62 + 0,26 tTo make pin connections compatible with the 
Pore rT € {0.300 + 0.010) TIL311, connect pins 5 and 6 together, 


2,97 (0.117) 


§,59 (0.220) 
4,57 (0.180) 





SEATING PLANE 


1,15 (0.045) 5) ; 4,4 (0.175) MIN 
0,84 (0.033) 


ALL PINS 
ALL PINS 


0,534 (0.021) 119 — aol bg 


0,432 (0.017) 
ALL PINS 


NOTES: A. The true-position pin spacing is 2,54 mm (0,100 inch) between centerlines, Each pin centerline is located 
within 0,26 mm (0,010 inch) of its true longitudinal position relative to pins 1 and 14, 
.« Lead dimensions are not controlled above the seating plane, 
. Dimensions associated with position of LED’s are between centerlines and are nominal. 
» All dimensions are in millimeters and parenthetically in inches. 
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TYPE TIL505 


HEXADECIMAL DISPLAY WITH LOGIC 





description 


This hexadecimal display contains a four-bit latch, decoder, driver, and 4 X 7 light-emitting-diode (LED) character with 
two externally-driven decimal points in a 14-pin package. A description of the functions of the inputs of this device 


follows. 

FUNCTION PIN NO. 
LATCH STROBE INPUT 6 
BLANKING INPUT 8 


LATCH DATA INPUTS _ 3, 2, 13, 12 


(A, B, C, D) 

DECIMAL POINT 4,10 
CATHODES 

LED SUPPLY 1 
LOGIC SUPPLY (Vcc) 14 
COMMON GROUND 7 


DESCRIPTION 


When low, the data in the latches follow the data on the latch data inputs. 
When high, the data in the latches will not change. If the display is blanked 
and then restored while the enable input is high, the previous character 
will again be displayed. 


When high, the display is blanked regardless of the levels of the other 
inputs. When flow, a character is displayed as determined by the data in the 
latches. The blanking input may be pulsed for intensity modulation. 


Data on these inputs are entered into the latches when the enable input is 
low. The binary weights of these inputs are A= 1,B =2,C=4,D=8. 


These LEDs are not connected to the logic chip. If a decimal point is used, 


an external resistor or other current-limiting mechanism must be connect- 
4 
ed in series with it. 


This connection permits the user to save on regulated Vcc current by 
using a separate LED supply, or it may be externally connected to the 
logic supply (Vcc). 


Separate Vcc connection for the logic chip. 


This is the negative terminal for all logic and LED currents except for the 
decimal points. 


The LED driver outputs are designed to maintain a relatively constant on-level current of approximately five milli- 
amperes through each of the LED’s forming the hexadecimal character. This current is virtually independent of the 
LED supply voltage within the recommended operating conditions. Drive current varies with changes in logic supply 
voltage resulting in a change in luminous intensity as shown in Figure 2. The decimal point anodes are connected to the 
LED supply; the cathodes are connected to external pins. Since there is no current limiting built into the decimal point 
circuits, this must be provided externally if the decimal points are used. 


The TTL MSI chip is specially designed with a wider supply voltage range than standard Series 54/74 circuits so that it 
will operate from either a five-volt or a six-volt power supply. 


The resultant displays for the values of the binary data in the latches are as shown below. 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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functional block diagram 


LED 
SUPPLY 






LOGIC 
SUPPLY 







LATCH | B 
DATA 
INPUTS ] ¢ 


CONSTANT 
CURRENT 
ORIVER 


Z DECODER 


LATCH BLANKING 
STROBE INPUT 
INPUT 


LEFT RIGHT 
DECIMAL DECIMAL 
POINT POINT 
CATHODE CATHODE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 





Logic Supply Voitage, Vcc (See Note 1). 2 ww we ee ee ee ee et ee eee eee UTM 
LED Supply Voltage (See Note1) . . i ey nines oe Oe sees RR in, ae ea aie ans Mey Ae pee ce EM 
Input Voltage (Pins 2, 3,6, 8, 12, 13; See Note 1) Bcd aa Sige Fase ost a ae Fe “tds Re ae Ga tee ee Led ta ed et eI 
Decimal Point Current aerate saa eS See Sh, kee ered: Ep eg NU eek Jee Tee A yea acd . 20mA 
Operating Free-Air Temperature Range Se ft Bp a8 doc reece Shs aay get. See Gon “ae Ps. He a Meh xh | 65° C to 100°C 
Storage Temperature Range. ww 1 we ee ee ee ee ee eee we) BE °C to 125°C 


NOTE 1: Voltage values are with respect to common ground terminal. 
recommended operating conditions 
MIN NOM MAX UNIT 


Logic Supply Voltage, Vcc. ww ee ee ee ee te ee et ee ee ee e6h 64 UGC 
LED Supply Voltage, VLED 6 ww ww ee ee ee we eh ee ee 4 5 7 NV 
Decimal Point Current, IF(DP) » 6 6 6 ee ee ee ee 5 mA 
Latch Strobe Pulse Width, tw . 1. - 2 6 6 6 ee eee ee ew we te ee et ew ~~ AO ns 
Setup Time, tsetup (See Note:2)) 3.0 woe at A ee ee ee ee ae we 4a 80 ns 
Hold Time, tholg (SeeNote3) «2 ww we ee ee ee 40 ns 


NOTES: 2. The minimum setup time is the interval immediately preceding the positive-going transition of the latch strobe Input during which 
interval the data to be displayed must be maintained at the latch data inputs to ensure its recognition. 
' 3. The minimum hold time is the interval immediately following the positive-going transition of the latch strobe input during which 
interval the data to be displayed must be maintained at the latch data inputs to ensure its continued recognition. 
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TYPE TIL505 
HEXADECIMAL DISPLAY WITH LOGIC 





operating characteristics at 25°C free-air temperature 


PARAMETER 


Average Per Vec=5V, VLED=5V, 
ly Luminous Intensity (See Note 4) Character LED| See Note S 
Each decimal _|1F (pp) = 5mA | 35 100 


Xp _— Wavelength at Peak Emission Vec=5V, VLED=5V, 640 660 680 


AX Spectral Bandwidth lF(DP) = 5mA, See Note 6 | 20 
VitH High-Level Input Voltage 








Vit__Low-Level input Voltage aie nee | So 
Vik Input Clamp Voltage Vec=4.75V, W=-12mA | =1.5) 





ty Input Current at Maximum Input Voltage Vec=5.5V, Vj=5.5V 
lt = High-Level Input Current Vec=5.5V, Vj=24V 


ie Low-Level Input Current Vcc =5.5V, Vip=04V 
Icc Logic Supply Current Vec=5.5V, Viep=5.5V, 60 90 
tLEp LED Supply Current lF(pp) = 5mA, Allinputs at OV 





NOTES: 4. Luminous intensity is measured with a light sensor and filter combination: that approximates the CIE (International Commiision 
on Itumination) eye-response curve. 
5. This parameter is measured with gy displayed, then again with FE displayed. 


6. These parameters are measured with fs _ displayed. 





TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


vecwsy| | TAT | T | 
PEA JE 





Ta = 26°C 


Relative Luminous Intensity 
co 
a 


600 620 640 660 680 700 
A—Wavelength—nm 





FIGURE 1 
RELATIVE LUMINOUS INTENSITY RELATIVE ee INTENSITY 
3 
LOGIC SUPPLY VOLTAGE FREE-AIR TEMPERATURE 

Z (3) 

* e 

: “ 

ra e 

: s 

3 s 

3 a 

= > 

: 2 

£ 2 

= 2 

: 2 

z . 

2 3 

2 a 

= é 

F 

§ ‘E€ 0.1 

3 3-75 -80 -25 0 2 68 75 100 

. i? 
Vec—Logic Supply Voltage—V Ta—Free-Air Temperature— C 
FIGURE 2 FIGURE 3 
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TYPE TIL506 
NUMERIC DISPLAY WITH LOGIC 


BULLETIN NO. DL-S 12225, NOVEMBER 1974—REVISED SEPTEMBER 1978 





HERMETICALLY SEALED SOLID-STATE SEVEN-SEGMENT VISIBLE DISPLAY 
WITH TTL DECODER/DRIVER 


e Withstands Military Environmental Conditions 

@ 7,62-mm (0.300-Inch) Character Height 

e Internal TTL MS! Chip with Decoder and Driver 
e BCD Four-Line Input 

e Wide Viewing Angle 

e High Luminous Intensity 

e Left-Hand Decimal 

e Constant-Current Drive for Light-Emitting Diodes 
°@ Compatible with Most TTL and DTL Circuits 


mechanical data 


The display and TTL logic chip are mounted on a ceramic header which is then hermetically sealed to a glass lid. 
Multiple displays may be mounted on 15,9-mm (0.625-inch) centers. 
































[eh 
a, 


DATA INPUT A 
(BINARY WEIGHT 1) 
PIN 2 DECIMAL POINT INPUT 
PIN 3 LED SUPPLY VOLTAGE, V_ED 
PIN 4 DATA INPUT D 
(BINARY WEIGHT 8) 
PIN 5 DATA INPUT CG 
(BINARY WEIGHT 4) 
PIN 6 GROUND 
PIN 7 LOGIC SUPPLY VOLTAGE, Vcc 
PIN8 DATA INPUT B 
(BINARY WEIGHT 2) 
tar Toons *PUACES 









18,04 (0.710) 
17,27 (0.680) 



















1 
0,306 (0.012) 
0,101 (0.004) 








2,7 (0.105) MAX 












f NOTES: a, All dimensions are in millimeters and parenthetically in 
4,5 (0.175) MAX 2 
SEATING PLANE inches. 
b. The true-position pin spacing is 2,54 mm (0.100 inch) 
ak (0.180) MIN 


between centerlines, Each pin centerline is located within 


0,26 mm (0.010 inch) of its true longitudinal position 
mat 100) T.P. . : 
6 PLACES relative to the package centerline, 
1 











0,534 (0.021) 

0,306 (0.072) athe 

8 LEADS 

27 10.080) TP. c. Centerlines of character segments and decimal points 
are shown as dashed lines. Associated dimensions are 


Sennen nominal, 


description 


The TIL506 contains a seven-segment numeric display with left-hand decimal and a TTL MS! BCD-to-seven-segment 
decoder and driver. It accepts four-line binary-coded-decimal (BCD) input in negative logic and displays the decimal 
number in a seven-segment format. Invalid inputs are automatically blanked (see function table). A low-logic-level 
voltage (<0.8 V) at the decimal point input turns on the decimal independently of the BCD inputs. The decimal point, as 
well as each segment, is driven by a constant current from the logic chip. Varying the LED supply voltage will not 
significantly affect the brightness of the display. The brightness may be controlled by pulse width modulation of the 
BCD inputs alternating between a valid code and an invalid code (e.g. all inputs low). 
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FUNCTION TABLE 


DATA INPUTS 
FUNCTION; ~ — — — =~ /|DISPLAY 
D C_B_A OP 





H = high logic level, L = low logic level 
OP input has arbitrarily been shown activated (low) 
on every other line of the table. 


functional block diagram 


LOGIC LED 
SUPPLY SUPPLY 








A 
BCD B : 
INPUTS | ¢& DECODER seat 
D DRIVER 
DECIMAL 
POINT 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Logic Supply Voltage, Vcc (See Note 1) .. . 


LED Supply Voltage, VLEp, at (or below) 70°C Free-Air Temperature (See Note 2) wiht ie Boe Boots ve, to. 7 
Data:Input Voltage... a ae ee ewe EAR Oe Ewe PD ew eo a ats 2 ODE. 
Operating Free-Air Temperature Range . 2. 1 we ee ke ee ee ee ee ee ee )~)=6 = 55°C to 100°C 
Storage Temperature Range bo oewngs Stay pao Rs es eae. tp. Oo Ug eek? Gea ac ee xe on, “SEB tOeS-C 


NOTES: 1. Voltage values are with respect to the ground terminal. 
2. For operation above 70°C free-air temperature, refer to LED Supply Voltage Derating Curve, Figure 1. 
recommended operating conditions 
MIN NOM MAX UNIT 
Logic Supply Voltage, VcG ww ek 4.5 5 5.5 Vv 
LED Supply Voltage, ViEp (See Figure1) . .... 2... ee ee eee 4V 46 5V Vv 
Operating Free-Air Temperature, TA. 2. ww ee ee ee —55 100 °C 
LED SUPPLY VOLTAGE DERATING CURVE 


oO 


oa 


Maximum LED Supply Voltage—V 
= N w b 


20 30 40 50 60 70 80 90 100 
Ta—Free-Air Temperature— C 


(=) 


FIGURE 1 





operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


! tLumi I ity (See Note 3) eues d 
uminous Intensity (See Note ci 
z ’ Decimal Point_} Vcc =5V, eee 


Xp Wavelength’at Peak Emission See Note 4 640 655 670 pinm | 
OA Spectral Bandwidth 


Viti High-Level input Voltage ———— ke 


Vit Low-Level Input Voltage 


| 
Vik = Input Clamp Voltage Vec=4.5V, t=-12mA a ae 
















MIN TYP MAX} UNIT 
700 


DPatSV, _Otherinpusatov | 160 | ma | 


NOTES: 3. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on INumination) eye-response curve. 
4. These parameters were measured with all LED segments and the decimal point on. 
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TYPE TIL507 
5 X 7 ALPHANUMERIC DISPLAY WITH LOGIC 


BULLETIN NO. OL-S 12220, NOVEMBER 1974—REVISED MARCH 1976 





HERMETICALLY SEALED SOLID-STATE VISIBLE DISPLAY 
WITH INTEGRAL TTL COLUMN DRIVERS 


Withstands Military Environmental Conditions 

7,6-mm (0.300-Inch) Character Height 

Integral D-Type Flip-Flop Column Drivers and Series Limiting Resistors 
Wide Viewing Angle 

Compatible with Most TTL and DTL Circuits 

High Luminous Intensity 

Left Decimal — 


mechanical data 


The display and TTL logic chip are mounted on a ceramic header which is then hermetically sealed to a glass window. 
Multiple displays may be mounted on 12,2-mm (0.480-inch) centers. 


12,19 (oan) 2,49 (0.088) 
88 (0. 7,98 (0.078) 
3,69 (0.145 atte 2,42 (0.095) 
roles ; MAX 


ROW 1 
(See Note b) 


ooggoanda 


2,54 (0.100) T. P. 
16 PLACES 
(See Note c) 


oO ——___—_»> 


2,49 (0.098 7,62 + 0,25 
Peele ore (0.300 + 0.010) 


PIN1 ROW 1 
PIN2 ROW3 
PINS ROWS 
PIN&?A ROW7 & D.P. ANODE 


PINS COLUMN 1 
“erat PING D.P. COLUMN 
0.128; PIN? CLOCK 
ae PINS GROUND 
PINS Vec 
me PIN 10 COLUMN 3 
Cn PIN 11 COLUMN 5 
PIN 12 COLUMN 4 
PIN 13 COLUMN 2 


ate. PIN 14 ROW 6 
PIN 15 ROW 4 


bsoe (core PIN 16 ROW 2 


NOTES: a. All dimensions are in millimeters and parenthetically in inches. 
b, Vertical and horizontal spacing between centerline of rows and columns is 
nominally 0,13 mm (0.005 inch). 
c, The true-position pin spacing is 2,564 mm (0.100 inch) between centerlines. Each centerline 
is located within 0,26 mm (0.010 inch) of its true tongitudina! position relative to pins 1 
and 16, 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


77 


TYPE TIL507 
5 X 7 ALPHANUMERIC DISPLAY WITH LOGIC 





description 


The TIL507 is a 5 X 7 matrix of light-emitting diodes plus a decimal point. The device includes an IC logic chip similar 
to SN54174 containing six D-type flip-flops that can transfer data from a character generator to the five columns of the 
matrix and the decimal point. The chip also includes six cathode column drivers with series-limiting resistors. 


The rows are strobed by sequentially applying a positive voltage to each row input. As each row is strobed the data set 
up at column inputs are transferred to the column drivers on the rising edge of each clock pulse. A high column input 
causes the LED to turn on. After the minimum hold time requirement has been satisfied, the column data inputs may 
change whether the clock is high or low. 


(1) 








2 (16) 
3 (2) 
ROW 4 (15) 
ANODES 
3 
5 (3) 
(14) 
6 
(4) 
7 
D.P. 
GND (8) 
9 
Veo cK 
° 
CLOCK (7) 
D.P (6) 
(5) 
1 
2 (13) 
COLUMNS 3 (10) 
A (12) 
5 a 
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TYPE TIL507 
5 X 7 ALPHANUMERIC DISPLAY WITH LOGIC 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Logic Supply Voltage, Vcc (SeeNote1) . 2... 1 eee ee ee et et ee te eee eee) 67M 
Row Anode Voltage, Vrow . - - Ree Abt, bee, hs SPN war” wed dal eos oP i et ey ce et oe SOV 
Input Voltage (Column Data and Clock) SP Bat, Gow tea. Sox SiS. Se gs Bo Nn eth San hate Se a8 es at ean, REC ... 55V 
Operating Free-Air Temperature Range... . 1 1 ee ee ee te ee ee ee "55° C to 100°C 
Storage Temperature Range he he: ids eh oe ae Bh el ale Bek We aarck Gls 6b Cte C 


NOTE 1: Voltage values are with respect to network ground terminal. 


recommended operating conditions 


MIN NOM MAX UNIT 


Logic Supply Voltage .. . es aa ee Ge Fa tg, ea ee Ee 4.5 5 5.5 Vv 
High-Level Row Anode Valtene: Vow oe hy Riad eh, Gn ot ase oe 35t 4 5 Vv 
Clock Frequency, folock - - 6 ee et te te ee ee ee 3 MHz 
Width of Clock Pulse, ty by ena slew ele HS dete Se ath i wey oe oe Cet ae Be 200 ns 
Data Setup Time; teetup: & «6 ss 6 Soe ae ae a Ss 50 ns 
Data Hold Time, thoigd «..-. - oan Wer oh UP Her RTS ae AY ae 5 ns 
Operating Free-Air Temperature, TA Sy dee Se ag gine Pnge ty h aes Ae a kath. Oe 100 °C 


tVoltage may be reduced to 0 V to control intensity of the display. 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
ly Luminous Intensity (See Note 2) Vec=5V, Ip=10mA Ze 


r Wavelength at Peak Emission 
Vec“5V, Viepe4V pam | 
AA Spectral Bandwidth 


a 
ViH__ High-Level Input Voltage We ee en Se 
Vii. Low-Level Input Voi ee 
Vik Input Clamp Voltage Vec=4.5V, =-12mA{ 1.5] OV 











"WH High-Level Input Current Vcc =5.5V, Vjp=2.4V 
Ne Low-Level Input Current Vcc =5.5V, Vp =0.4V 


Row 1 thru Row | Row 1 thru Row 6 | 
lrow Row Input Current 
Row oes See Note 3 ee 1000 
Logic Supply Current 


NOTES: 2. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
On Illumination) eye-response curve, 
3. Maximum vatues of row input current and logic supply current are stated for Vec = 5.5 V, Veow = 5 V. Typical values are stated 
for Veco =5 V, Vrow = 4 V. All column data inputs are high. 
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mechanical data 


TYPE TIL560 


ALPHANUMERIC DISPLAY WITH LOGIC 


BULLETIN NO. DL-S- 12215, NOVEMBER 1974 





2 SOLID- STATE THREE- CHARACTER 5 X 7 ALPHANUMERIC DISPLAY IN A HERMETIC PACKAGE 


Meets Hermeticity Requirement of MIL-STD-883 

Large Characters... 12,7-mm (0.5-Inch) High 

Displays Stackable on 43,2-mm (1.7-Inch) Centers 

Wide Viewing Angle 

Pins Fit Navy WS6157/1 Series Sockets 

TTL Shift Register with Serial Input Minimizes Input Pins 
Shift Register Serial Data Output to Serially Address Several Packages 
TTL Compatible 

Integrated Resistors and a Capacitor 


The displays and logic chips are mounted on a substrate which is then hermetically sealed to a glass lid. All external 
metal parts are gold plated. The pins are designed for reliable interconnection with the Navy WS6157/1 Series sockets, 
which can be purchased from Masterite Industries, Torrance, California (028-Series). The pins are keyed to prevent 
inserting the display into the socket upside-down. Character-to-character spacing is maintained when multiple displays 


are mounted on 43,2-mm (1.7-inch) centers. 





2,03 (0.080) 
6 PLACES 


1,91 (0.075) 
12 PLACES 


2,54 (0.100) T. P. 


26 PLACES 
(See Note c) 


Sekeeeeran {1.650} Oe ace etal 


0,33 (0.013) MAX 
ALL PINS 


3,51 (0.138) 
2,99 (0.118) 
re (0.030) MAX 


0,584 (0.023) a1 1 pins 


22,99 (0.906) 0,482 (0.019) 


22,48 (0.885) 
17,78 (0.700) 
T.P. 
(See Note c) 


1,45 (0.057) 
1,14 (0,045) 


1,02 (0.040) 
0,76 (0.030) 
1,27 (0.050) NOM 


4,32 (0.170) 


5,1 (0.200) MAX 3,55 (0.140) 


PIN ASSIGNMENTS 


SERIAL DATA 
OUTPUT 
Vcc 
OMITTED 
OMITTED 
GROUND 
OMITTED 
CLOCK 
INTERNAL CONNECTION?t 
OMITTED 
10 GROUND 
3,2 (0.125) MAX 11 OMITTED 
& 12 OMITTED 
13 DATA INPUT 
14 INTERNAL CONNECTIONT 


TMake no external connection 


3,2 (0.125) MAX 


NOTES: a. Ali dimensions are in millimeters and parenthetically in inches, 
b, Oimensions associated with positions of LED’s are between 


centerlines and are nominal, 


c. The true-position pin spacing is 2,54 mm (0.100 inch) between pin 


centerlines and 17,78 mm (0.700 inch) between row centerlines. 
Each pin centerline is located within 0,38 mm (0.015 inch) radius 


of true position, 





ALL PINS 


ALL PINS 


15 OMITTED 

16 ROW 7 ANODES 
17 ROW 5 ANODES 
18 ROW 4 ANODES 
19 OMITTED 

20 ROW 3 ANODES 
21 OMITTED 

22 OMITTED 

23 ROW 1 ANODES 
24 OMITTED 

25 ROW 2 ANODES 
26 NO CONNECTION 
27 ROW 6 ANODES 
28 OMITTED 
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TYPE TIL560_ 
ALPHANUMERIC DISPLAY WITH LOGIC 





description 


This alphanumeric display contains three 35-bit (5 X 7) characters. It is suitable for exhibiting all characters in the 
USASCII code using a standard MOS character generator. Two SN54164 8-bit shift-register chips are integrated to allow 
a single pin for entering column data. Only the first 15 bits are used. In typical operation, data for a given row are 
entered serially into the register and shifted from right to left. Hence, the bit for the left-hand column is entered first. 
Then the row-anode terminal is pulsed high and each LED corresponding to a low column data bit turns on. Following 
this, column data for the next row are entered. 


A serial data output pin is available for connecting N display modules serially so that 3N characters can be operated off 
one data line. The maximum value for N depends on the row refresh rate and the clock frequency. 


An internal resistor in series with each shift register output used controls the light-emitting diode (LED) current. The 
resistor value is matched to the LED chips to control light intensity, but, in no case is the LED peak current greater 
than 12 milliamperes. An 0.02-uF capacitor is included in each display module to filter out transients caused by the 
power supply and the TTL circuits. 


A description of the functions of the inputs and the output of the TIL560 follows: 


FUNCTION PIN NO. DESCRIPTION 
ROW ANODES 23, 25, 20, 18, 17,27, 16 When high, these inputs supply current to the LED chips in that 
(1, 2, 3, 4,5, 6, 7) row for which the column input data bit is low. 
DATA INPUT 13 This input is used to enter column data, left-hand column first, 


into the display. A low level corresponds to turning the LED on 
while a high level blocks the row input current from the LED. 


CLOCK INPUT 7 The column data entered at the data input is shifted one bit to 
the left on each low-to-high transition of the clock input. 


DATA OUTPUT 1 To operate more than one display module serially, this output is 
connected to the data input of the module to the left. Otherwise, 
this output should be left open. 


LOGIC SUPPLY (Vcc). 2 This is the positive terminal for the power supply to the shift. 
registers. The internal capacitor is connected between Vcc and 
ground. 

GROUND 5,10 These are the negative terminals for Vcc and the row, data, and 


. clock inputs. They should be externally connected together. 
reliability testing 


Every display is subjected to the following tests according to MIL-STD-883: pre-cap visual inspection, Method 2010, 
Condition B; temperature cycling, Method 1010, Condition B except that the high temperature is 100°C; and a leak 
test, Method 1014, Conditions B and C. 
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TYPE TIL560 


ALPHANUMERIC DISPLAY WITH LOGIC 


schematic 


(23) 


ROW 
ANODES }) 4 


SERIAL 
DATA 
OUTPUT 





Vcc SN54164 CHIP c SN54164 CHIP CLOCK 
SHIFT REGISTER SHIFT REGISTER SERIAL 


0.02 nF 


GROUND 





INPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Logic Supply Voltage, Vcc (See Note1) .... 2... 2... ee eee 
Row Anode Voltage, Vrow - . - ee eee ee ee ee 
Input Voltage (Dataand Clock) . . 2... 1. 1 ee ee ee ee 
Operating Free-Air Temperature Range . . . . . 1 1. 1 ee ee ee 
Storage Temperature Range... . . 1 ee ee ee ee ee 


NOTE 1: Voltage values are with respect to both ground pins externally connected together. 


recommended operating conditions 


Logic Supply Voltage, VcG ww we 
High-Level Row Anode Voltage, Vrow «we ee ee 
High-Level Output Current 2. ww ww ee ee 
Low-Level Output Current 2. 2. 1. 1. we ee ee ee ee es 
Clock Frequency, folock «6 ee 
Width of Clock Pulse, tw. - 1 ww ee ee 
Data Setup Time, teetup 6 6 ee ee es 
Data Hold Time, thold « - - - ee ee ee ee ee ee 
Operating Free-Air Temperature, TA . 2. 2 1 1 1 ee ee ee ee 
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POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


ee ae ee 7V 
ee ee . eee. 5SV 
gh oByshy oat nine a Ne, cass 5.5V 
b. gen th SESS. G . ~—55°C to 85°C 
a eee ae —65°C to 125°C 


MIN NOM MAX UNIT 


4.5 5 5.5 Vv 
4 5 5.5 Vv 
-40 pA 
16 mA 
0 6 MHz 
45 ns 
30 ns 
10 ns 
—55 85 °C 
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TYPE TIL560 
ALPHANUMERIC DISPLAY WITH LOGIC 





operating characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT 
ly Luminous Intensity (See Note 2) Vec®5V, Vrow 25 V, 3.5 ‘7 11 


Tan 25°C 
Vin _Hish-Level input Vonage SCSSCCSCSSC~*dY 
Viz CowLevel input Vertes 


; Veco =4.5V, lop =1.6mA, 
Vv Low-Level Output Voltage Vv 
OL elit ila : One row input at 4.5 V 










1 Input Current at Maximum Input Voltage Veco =5.5V, V,2=5.5V 

Ts) High-Level Input Current Clock — Vec=5.5V, Vi=24V 
Clock 

Low-Level Input Current [oete cH SEV, Vpn04V 

ema “ [clock | CU 
Clock 


irow Row Input Current 126170 
icc Logie Supply Current 74108 | ma 


NOTES: 2. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on Itlumination) eye-response curve. 
3. Maximum values of row input current and logic supply current are stated for Vcc = 5.5 V, Vrow = 5.5 V. Typical values are 
stated for Voc = 5 V, Vrqw = 5 V. 








TYPICAL CHARACTERISTICS 



















RELATIVE LUMINOUS INTENSITY RELATIVE LUMINOUS INTENSITY 
vs vs 
RELATIVE SPECTRAL CHARACTERISTICS FREE-AIR TEMPERATURE ROW VOLTAGE 
1.0 4 
0.9 merc A ae De ee ie Vee . ay 
= row ™ 
‘ Ema PP (as fa 






Cn 
anim 


ie 


Rae eee eee 
Re SRER eee 


| LTA 





Relative Radiant Intensity 

o 
a 
a 
|_| 
ia 
| 
i} tt 
Sele 
=i 
| 
a 
|| 

Luminous Intensity Relative to Value at Ta = 25°C 
s 

Luminous Intensity Relative to Value at Vrow = 5V 








0.2 0.2 
es OD felis 

0 0.1 

600 610 620 630 640 650 660 670 680 690 700 -758 -60 -25 0 25 60 76 100 

A—Wavelength-nm Ta—Free-Air Temperature—"C Vrow—Row Voltage—V 
FIGURE 1 FIGURE 2 FIGURE 3 
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Special 
Electro-optical 
Components 





< 


QUICK REFENCE GUIDE 
ELECTRO-OPTICAL COMPOMENTS 





AVALANCHE PHOTODIODES 


FOR VISIBLE LIGHT 

| DEVICE FEATURES 

Tepes, Tienes | 0010ineh? and 0.090:neh? active 

areas 
See Note 1 See Note 1 


OTHER PHOTODIODES 


DEVICE FEATURES 
TIED80 Typical rise time = 16 ns, active area diameter = 0.100 inch 


TIED82 Quadrant geometry, typical rise time = 15 ns, active-area diameter = 0.650 inch 
TIED98 High resistivity, typical rise time = 45 ns, active-area diameter = 0.040 inch 





















TIED85, TIED86 








AVALANCHE PHOTODETECTOR MODULES 


FEATURES 
Optimized for high-speed detection of visible light 

Optimized for high-speed detection of near-infrared radiation 
For near-infrared wavelengths. See Note 2 


AMPLIFIERS OPTICAL WAVEGUIDE TRANSMITTER MODULE 


DEVICE FEATURES DEVICE FEATURES 
TIEF150, TIEF151, TIEF152 | Designed for use with photodiodes | | TIES472 


FIBER-OPTIC ASSEMBLIES* 











[source SSS CABLE DETECTOR 
TXES475, TXES476 TXEF402 TXED453 








INFRARED-EMITTING DIODES 


POWER OUTPUT | —, mp 
DEVicE | MIN @ If Hd MAX @ Ip | TYP FEATURES 
mW mA Vv mA um 


| Tiesoe {| 06 500 |] 175° | 23 500 | 0.91 | 0.0075-inch-diaemittingarea 
F TIES12 40 2 { 
1 0 TIES13 20 2 7 0.036-inch-dia hemispherical dome emitting area 
TIES13A 3 2 


0 300 300 a 
TIES15 30 1000 2 1000 0.93 
00 0. 


TIESI6A 


TIES16B 


TIES16C 


Pmieszy [18 -300| 138° | 2.2 300 

Press| 09 60_| 136° | 2 60 | 091 | 0001@:inchalia dome emitting rea —— 
[messes [1 50 | 25° | 2 80 | 091 | Pill package with bulltinreflector | 
axes? [60 tooo veo" fC oe CCSC~C“—~“*S*S*~*S*~*~*S 
Pmesa7s | os 50 | 190° | 2 80 | 001 | Swnow? SSCS 


NOTES: 1. The photodiode and the reference diode have matched breakdown characteristics. 
2. For connection to fiber-optic bundle termination. 
*For information on new fiber-optic-assembly products, see page 401. 
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TYPES TIED55, TIED56 
SILICON AVALANCHE PHOTODIODES 


BULLETIN NO. DL-S 10606, JUNE 1968—REVISED DECEMBER 1977 







OPTIMIZED FOR HIGH-SPEED DETECTION OF NEAR-INFRARED RADIANT ENERGY 
(FORMERLY TIXL55, TIXL56) 


Useful from Audio to Microwave Frequencies 

Typical Photocurrent Gain of >600 

Active Area of 5 X 10-4 cm? (Diameter = 10 Mils) 

Typical Gain-Bandwidth Productt of 80 GHz 

Typical System Noise Equivalent Power of 10— 12 W/,/Hz at 1 GHz 
Pill-Package design allows mounting in Coaxial and 

Stipline Microwave Structures 


description 
The TIED55 and TIED56 are high-speed, high-resistivity photodiodes. They are designed to operate in the 
reverse-voltage avalanche region just below the breakdown voltage. This results in a photocurrent signal gain of a 
magnitude dependent on the reverse voltage. The signal gain ahead of the input noise of typical amplifiers provides 
for enhancement of the signal-to-noise ratio in most optical receiver systems. 


mechanical data 


Each device is in a hermetically sealed package with a glass lens or window. The outline of the TIED56 is similar to 
TO-18. 


TIEDS5 
ANODE APERTURE 0.040(1.016) NOM DIA THE LENS IS BOROSILICATE 
Gosh CERAMIC GLASS. ITS FOCAL LENGTH 
: IS 0.110 (2,79) REFERENCED 
TO THE TOP OF THE FLANGE. 


0.064(1,626) 0.122(3,099) 

Sent orate. sam] THE ACTIVE SURFACE IS 
0.035 (0,89) BELOW THE TOP 
OF THE FLANGE. ITS 


ae DIAMETER IS 0.010 (0,25) 
CATHODE 


0.064{1,626) 


060 (1,524) 4 TIMES 


0.030(0,76) 
0.069(1,753) 0.018(0,45) ACTUAL SIZE 


0.065(1,651) 


ALL DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 


0.210 (5,34) 3 Leaps 2018 (0.483) THE ANODE IS IN 
0.170 (4,32) 0.016 (0,406) 
0.100 (2,54) DIA ELECTRICAL CONTACT 
Pore WITH THE CASE. 


MAXIMUM WINDOW 


t i) 
ASIST | EXTENSION FROM TOP 
oA OF CASE IS 0.040 (1,02) 
2 0.048 (1,22) 


0.028 (0,71) MINIMUM DIAMETER IS 
0.230 (5,84) | [eo 0800 127 2-NC 0.150 (3,81). 


0.209 (5,31) MIN 4-CATHODE 


om . > THE WINDOW IS BORO- 
0.046 (1,17) SILICATE GLASS. 


0.036 (0,91) 





NC-NO INTERNAL CONNECTION 
ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 





absolute maximum ratings 


Continuous Power Dissipation at (or below) 25°C Case Temperature (See Note 1) woe ee ew ew ew we » 6100 mW 
Storage Temperature Range ta 46 ee ee eA aR ew we aoe > BRO t0 150°C 
Soldering Temperature for 3 Minutes (TIEDS55) ue ace pte Rik Woo Geos em eee TAOS 
Lead Temperature 1/16 Inch from Case for 10 Seconds (TIED56) pose maenk NG cn! Chee Seah Ate Raha. > B00. G 


NOTE 1: Derate linearly to 125°C case temperature at the rate of 1 mw/c. 
tGain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 
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TYPES TIED55, TIEDS56 
SILICON AVALANCHE PHOTODIODES 





operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONSS MIN TYP MAX | UNIT 
Breakdown Voltage, V(BR) IR=100uA, Ep = 0 155170 


ee 
Dark Currentt - M = 100, E.=0 
[Surface | | 08 10 | na _| 
IR=100HA,  Ee=0, 
R e s mV/C 
See Note 2 
A= 0.9 um, See Note 3 200 >600 La 


VR = 100V, f= 1 MHz 





fmod=1GHz, A=6328A 
A= 0.9 um, M = 100, 
fmod =15MHz, ®e<0.1mW 


0.8 
f= 0.9 GHz eee ee ee 
15 20 


tGain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 
t park current is the sum of surface current and gain M times the bulk current. 

Se, is the incident radiant power per unit area. 

NOTES: 2. Temperature coefficient is determined by the formula: 


V(BR) @ 125°C-V(gR) @ —55°C 
Temperature coefficient = 





125°C—(—55°C) 
3. Gain M+ is measured at the reverse voltage at which the noise deviates from the theoretical linear characteristic. See Figure 1. 
Radiant flux is as required to give a photocurrent of 0.1 nA rms at VR = 40 V. 


TYPICAL CHARACTERISTICS 





SIGNAL POWER AND NOISE POWER PHOTOCURRENT GAIN 
vs vs 
PHOTOCURRENT GAIN REVERSE VOLTAGE 














© 
3 
ix - 
: E 
a 
E § 
$ 
a é 
= 
E— 
om 
a 
c) 40 80 120 160 
Log of Photocurrent Gain, M 
Vr—Reverse Voltage—V 
FIGURE 1 FIGURE 2 
TOTAL CAPACITANCE 
vs 
RADIANT RESPONSIVITY REVERSE VOLTAGE 
vs 
WAVELENGTH 
60 







50} T¢= 25°C 






Re—Radiant Responsivity—A/W 
8 
Cr—Total Capacitance-pF 


Bcc aA 
VOTES 


o5 06 07° 408 0.9 1 wl 


A—Wavelength-yum 
FIGURE 3 





Vr-—Reverse Voiltage—V 


FIGURE 4 


BIBLIOGRAPHY: Biard, J.R. and W.N. Shaunfield: A Model of the Avalanche Photodiode, JEEE Transactions on Electron Devices, 
vol. ED-14, no. 5, pp. 233-238, May 1967. 
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TYPE TIED5SS 
SILICON AVALANCHE PHOTODIODE 


BULLETIN NO. OL-S 11287, JUNE 1971—REVISED DECEMBER 1977 





OPTIMIZED FOR HIGH-SPEED DETECTION OF NEAR-INFRARED RADIANT ENERGY 
(FORMERLY TIXL59) 
@ Isolated Case for Shielding 
o Useful from Audio to Microwave Frequencies 
@ Minimum Photocurrent Gain of 200 
e Active Area of 4.5 X 10-3 cm2 (Diameter = 30 Mils) 
@ Typical Gain-Bandwidth Product? of 80 GHz 
© Typical System Noise Equivalent Power of 2 X 10-13 W//Hz at 30 MHz Bandwidth 


description 


The TIEDS9 is a high-speed, high-resistivity photodiode. It is designed to operate in the reverse-voltage avalanche region 
just below the breakdown voltage. This results in photocurrent signal gain of a magnitude dependent on the reverse 
voltage. The signal gain ahead of the input noise of typical amplifiers provides for enhancement of the signal-to-noise 
ratio in most optical receiver systems. The T!ED59 is similar to T1ED56 except that it has a larger active area making it 
more useful in lens systems with small f-numbers or where focusing is a problem. 


mechanical data 


The device is in a hermetically sealed welded case similar to, but slightly shorter than, JEDEC TO-39. The window is 
borosilicate galss. Its nominal dimensions are: diameter, 0.305 inch; thickness, 0.060 inch; and distance from front 
surface of the window to the active area, 0.085 inch. 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


2—ANODE 
0.220 (5,59) 0.5 (12,7) MIN 0.200 (5,08) - 
0.200 (5,08) NOM DIA 


0.335 (8,51) pia 


0.305 (7,74) ° 0.045 (1,15) 
‘ 0.029 (0,73) 


ol Sarees Sf 0.034 (0,864) 


0,370 (9,40) 0.040 (1,02) LEADS 0.028 (0,711) 
0.335 (8.51) °750 (3.81) Max (0-019 (0,483) pi, 
0.016 (0,406) 
BASE SEAT 


DETAILS OF OUTLINE 1—CATHODE 
IN THIS ZONE OPTIONAL 


ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 


absolute maximum ratings 


Continuous Power Dissipation at (or below) 25°C Case Temperature (See Note 1) soe ee ee ew we « 100 mw 
Storage Temperature Range gn eas eset: ee OMS ca ids > wale Oe Odeo Be Se MEAS hes Wr oy es EL ee ee TO AGO C 
Lead Temperature 1/16 Inch from Case for 10Seconds . 2... ee ee ee ee ee ee ee ee 300°C 


NOTE 1: Derate linearly to 125°C case temperature at the rate of 1 mW/°C, 
t Gain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 
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TYPE TIED5S 
SILICON AVALANCHE PHOTODIODE 





operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS §& MIN TYP MAX | UNIT 
Breakdown Voltage, V(gR) IR = 100 pA, E,=0 155 170 185 


[60150 | pA _| 
Dark Current} M= 100, E,=0 p 
p20 | 


_ IR = 100 nA, E,=0, 
Temperature Coefficient of Breakdown Voltage mv°C 
See Note 2 


Ph t Gain at Avalanch 
PO Sere aoe ene A= 0.9 um, See Note 3 200 >600 
Noise Threshold, My 


Vv 
Vas tov, f=tWe io 
f= 09 Gis Penne opaael 
A4=09 um, M = 100, 


Radiant Responsivity, Re fmod= 15MHz, ¢<0.1 mW 
mo ' eS. 





° _ RRO 
Visr)®& 125 C— Vian) ®& 55°C 





NOTES: 2. Temperature coefficient is determined by the formula: Temperature coefficient = 
125 °c — (~55°C) 
3. Gain My is measured at the reverse voltage at which the noise deviates from the theoretical linear characteristic. See Figure 1. 
Radiant flux is as required to give a photocurrrent of 0.1 nA rms at VR=40v. 
tGain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 
+ Dark current is the sum of surface current and gain M times the bulk current. Se, is the incident radiant power per unit area, 


TYPICAL CHARACTERISTICS 





SIGNAL POWER AND NOISE POWER ° PHOTOCURRENT GAIN 
vs vs 
PHOTOCURRENT GAIN REVERSE VOLTAGE 














Log of Photocurrent Gain, M 
Vr-Reverse Voltage—V 


FIGURE 1 ' FIGURE2 


RADIANT RESPONSIVITY TOTAL CAPACITANCE 
“s P vs 
WAVELENGTH . REVERSE VOLTAGE 








40 
| 
R001 Rs 
20 : 


Cy-Total Capacitance—pF 
~~ 


Re—Radiant Responsivity—AW 








v8 -) 0.6 0.7 Os 0.9 1 Wd 10 20 40 70 ,100 200 400 
A—Wavelength-um Vp—Reverse Voltage—V 
FIGURES , FIGURE 4 
1277 
316 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


TYPE TIED69 
SILICON AVALANCHE PHOTODIODE 


BULLETIN NO. DL-S 11685, FEBRUARY 1972—REVISED DECEMBER 1977 





OPTIMIZED FOR HIGH-SPEED DETECTION OF NEAR-INFRARED RADIANT ENERGY 
(FORMERLY TIXL69) 


e Useful from Audio to Microwave Frequencies 

e Typical Photocurrent Gain of >600 

e Active Area of 1.8 X 10-2 cm2 (Diameter = 60 Mils) 
e Typical Gain-Bandwidth Productt of 80 GHz 


e Typical System Noise Equivalent Power of 2 X 10-13 W/,/Hz 
at 30-MHz Bandwidth with TIEF151 Amplifier 


description 


The TIED69 is a high-speed, high-resistivity photodiode. It is designed to operate in the reverse-voltage avalanche region 
just below the breakdown voltage. This results in a photocurrent signal gain of a magnitude dependent on the reverse 
voltage. The signal gain ahead of the input noise of typical amplifiers provides for enhancement of the signal-to-noise 
ratio in most optical receiver systems. The TIED69 is similar to the TIED56 and TIED59 except that it has a larger 
active area. 


mechanical data 


The device is in a hermetically sealed welded case similar to, but slightly shorter than, JEDEC TO-39. The window is 
borosilicate glass. Nominal lens dimensions are: diameter, 0.305 inch; thickness, 0.060 inch; and distance from front 
surface of the window to the active area, 0.075 inch. 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


2-ANODE 
0.220 (5,59) 0.5 (12,7) MIN 0.200 (5,08) - 
0.200 (5,08) NOM DIA 


0.335 (8,51) pia ! 
0.305 (7,74) ¢ 0.045 (1,15) 


0.029 (0,73) 
a Came 


0.034 (0,864) 
0.370 (9,40) 0.150 (3,81) 


0.040 (1,02) 3 LEADS ey a 0.028 (0,711) 
aT es en 


BASE SEAT 


DETAILS OF OUTLINE “ 1—CATHODE 


IN THIS ZONE OPTIONAL 


ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. 
INCH DIMENSIONS GOVERN. 





absolute maximum ratings 


Continuous Power Dissipation at (or below) 25°C Case Temperature (See Note 1) ee eS 100 mW 
Storage Temperature Range ree i sae “Sie ay Biante aBheah sat sada fer’ Ub ay ce "65° Cto 150°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds Rae, rw sy sal Coe ne Tate, we Se AES ide rks “a ae OT 


NOTE 1: Derate linearly to 125°C case temperature at the rate of 1 mW/C. 


tGain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 
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TYPE TIED69 
SILICON AVALANCHE PHOTODIODE 





operating characteristics at 25°C case temperature 















PARAMETER TEST CONDITIONSS§ MIN TYP MAX | UNIT 
0 Vv 


A 
Breakdown Voltage, V(gR) IR = 100 2A, Ee= 155 170 «185 | Vv 


Bulk 140 700 A 
Dark Current? M = 100, Ee=0 
3.5 40 | nA | 


mes IR = 100 BA, Ee=0, 3 
Temperature Coefficient of Breakdown Voltage mV/°C 
See Note 2 
Photocurrent Gain at Avalanche 
Rae panier aie ag A=0.9 um, See Note 3 200 >600 
Noise Threshold, My 


Total Capacitance, Cy VR=100V, f = 1 MHz 30 45 
Series Resistance f = 0.9 GHz ae eee 
Gain-Bandwidth Productt fmod=1GHz, A=6328A | 80 | GHz 


r= 0.9um, M = 100, 
Radiant Responsivity, Re ‘ eit feei ah 1B 220 
mod ~ z, e . 


NOTES: 2. Temperature coefficient is determined by the formula: 








VigR) @ 125°C — Vigr) @ -55°C 
125°C — (—55°) 
3. Gain My is measured at the reverse voltage at which the noise deviates from the theoretical linear characteristic. See Figure 1. 
Radiant flux is as required to give a photocurrent of 0.1 nA rms at Vp = 40 V. 
tGain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 
Foark Current is the sum of surface current and gain M times the bulk current. 


Temperature coefficient = 


8e, Is the incident radiant power per unit area. 
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SIGNAL POWER AND NOISE POWER 
vs 


PHOTOCURRENT GAIN 





Log of Power 


TYPE TIED69 
SILICON AVALANCHE PHOTODIODE 


TYPICAL CHARACTERISTICS 


PHOTOCURRENT GAIN 
vs 


REVERSE VOLTAGE 





120 


160 


Log of Photocurrent Gain, M 


FIGURE 1 


RADIANT RESPONSIVITY 


vs 
WAVELENGTH 


De <0.1 mw | 


Re—Radiant Responsivity—A/W 


0.7 0.8 0.9 
A—Wavelength—um 


FIGURE 3 


ZAIN . 


Ty 
rake 
re Ni 





Vr—Reverse Voltage—V 
FIGURE 2 


TOTAL CAPACITANCE 
vs 
REVERSE VOLTAGE 


\ 


Cy—Total Capacitance—pF 





1 1.1 10 20 40 


70 100 
VR—Reverse Voltage—V 


FIGURE 4 
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DESIGNED FOR DETECTION OF VISIBLE AND NEAR-INFRARED RADIANT ENERGY 
(FORMERLY TIXL80) 


e Typical Responsivity . ..0.6 A/W at 0.9 um 

e Active Area of 5 X 10-2 cm2 (Diameter = 100 Mils) 

e Rise and Fall Time... 15 ns Typ at VR = 100 V 

e Dark Current...15nA Typ at VR = 100 V 

e Low Capacitance...4.5 pF Typ at Vp = 100 V 

description 

The TIED80 is a high-speed silicon photodiode. The device is designed to operate in a reverse-bias mode to provide low 


capacitance with high speed and high responsivity. The device utilizes a guard-ring structure to provide excellent low 
noise characteristics. 


‘mechanical data 


The TIED80 is in a hermetically sealed welded case similar to, but shorter than, JEDEC TO-5. The window is made of 
borosilicate glass with a nominal thickness of 0.050 inch. A 0.100-inch-diameter aperature located approximately 
0.030 inch from the surface of the active area prevents extraneous illumination and provides a plane for focusing. 
Approximate weight is 1.2 grams. 


THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE 


0.170 (4,32) 1.5 (38,1) 2-GUARD RING CATHODE G 
0.150 (3,81) MIN . sINODEA 


0.370 (9,40) 


0.335 (8,51) ? aw 0.045 (1,15) 
DIA 0.029 (0,73) 


0.034 (0,864) 

0.335 (8,51 ro eeenee 

0.305 aa ot (0,483) aie 
DIA 0.030 (0,76) 0.016 (0.406) 
0.020 (0,51) oG16 10.4081 


1—PHOTODIODE CATHODE K 


10 ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 





Forward: Voltage: <u. eG. ee ee A gr A ee a a ee ee ee ee ee Ra ee ee OV 
Reverse Voltage .. . etn SZ 6 ee pies ie Ee i a es wee ZOO 
Continuous Power Dissipation at t lor balan 25° °C Case Tarriparature: (See ‘Note 1) woe ee we ee ee 6100 mW 
Storage Temperature Range .. . bs, es aka hse as awe ge i le te A a SSO 10: 150-0 
Lead Temperature 1/16 Inch from Case Hor 10 Ssconde. ar Ay Ope van Gate’ ht a oe ak “ae Ss ae le eek oe as OO 


NOTE 1: Derate linearly to 125°C case temperature at the rate of 1 mw/°c. 
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TYPE TIED80 
SILICON PHOTODIODE 





operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 
VipR) Breakdown Voltage IR = 100A, E,=0, See Note 2 


MIN TYP MAX 
I Dark C t R=15V, E.=0, SeeNote2 | 10 | 
a Va= 100 V, fy=0, See Notea [15600 









: VR=15V, f=1MHz 
in 
VR . = 1, 
R : d 









Re Radiant Responsivity 






=15V, A= 1.06 um | 0.20 
Va =100V, A= 1.06 um | 0.20 | 





NOTE 2: Itrradiance (Eg) is the radiant power per unit area Incident on a surface. 


switching characteristics at 25°C case temperature 


oe [Va=toov [5 
A See Note 3 and Figure 1 | VR=100V | 15 | 
et 


NOTE 3: Input irradiance is supplied by a pulsed GaAs taser (A = 0.9 um). Rise and fall times are shorter for 1.06-um irradiation. 













PARAMETER MEASUREMENT INFORMATION 


10 mV-— 








(See Note b) OuTEes 
A... Anode 
G... Guard Ring Cathode 0 
= K ... Photodiode Cathode 
TEST CIRCUIT VOLTAGE WAVEFORM 


NOTES: a. Incident irradiation is adjusted for || = 200 BA. 
b. The output waveform is monitored on a oscilloscope with the following characteristics: tp < 2.5 ns, Rin = 50 Q. 


FIGURE 1—SWITCHING TIMES 





TEXAS INSTRUMENTS 391 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


322 


Ip—Dark Current—nA 





TYPE TIED80 
SILICON PHOTODIODE 


TYPICAL CHARACTERISTICS 


DARK CURRENT 
vs 


CASE TEMPERATURE 
































0 -10 0 10 20 30 40 50 60 70 80 
Tc—Case Temperature—°C 


FIGURE 2 


CAPACITANCE 
vs 
REVERSE VOLTAGE 


CT—Total Capacitance—pF 





10 20 40 70 100 200 «= 400 
Vap—Reverse Voltage-V 


FIGURE 4 


QUANTUM EFFICIENCY 
vs 
CASE TEMPERATURE 


Quantum Efficiency-—% 





0 
-60 -40 -20 0 20 40 60 80 100 
Tc—Case Temperature—"C 


FIGURE 6 


REVERSE CURRENT 
vs 


REVERSE VOLTAGE 





In—Reverse Current—nA 


(Dark Current) 
| oe be 1 
1 Cn 
1 2 4 710 20 40 100 400 1000 
Vr—Reverse Voltage—V 


FIGURE 3 





RESPONSIVITY 


vs 
WAVELENGTH 


VR = 15 V to 100 V elie 


= 25°C 


Re—Radiant Responsivity—A/W 


| eran 
zl PL 
ee ae 


0.30405 0.607 08 09 1 1.1 1.2 1.3 
A~Wavelength-um 


FIGURE 5 








RISE AND FALL TIMES 
vs 


REVERSE VOLTAGE 


ty and tf—Rise and Fall Times—ns 





1 
10 20 40 100 200 400 1000 
Vr—Reverse Voltage—V 
FIGURE 7 


NOTES: 2. Irradiance (Eg) is the radiant power per unit area Incident on a surface, 
3. Input irradiance is supplied by a pulsed GaAs laser (A = 0.9 um), Rise and fall times are shorter for 1.06-um irradiation. 
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TYPE TIED82 
QUADRANT-GEOMETRY SILICON PHOTODIODE 





DESIGNED FOR LASER ALIGNMENT AND GUIDANCE SYSTEMS 
(FORMERLY TIXL82) 


© Quadrant Geometry ... For Alignment and Tracking Applications 

© Active Area of 2.1 cm2 (Diameter = 650 Mils) 

eo Rise and Fall Times... 7 ns Typ at 1.06 um Wavelength 

e@ Dark Current... 100nA Type per Quadrant 

eo Radiant Responsivity . .. 0.34 A/W Typ at A = 1.06 um, 0.68 A/W Typ at = 0.9 um 


e@ Sensitive to Wavelengths from 0.60 um to 1.06 um 
description 


The TIED82 is a high-speed, quadrant-geometry, high-resistivity silicon photodiode. It is a precision device designed 
specifically for application in laser alignment and guidance systems. A guard-ring structure is utilized to provide 
excellent low-noise characteristics, while operation in the fully depleted mode results in high speed and high radiant 
responsivity. Crosstalk between any two quadrants is less than five percent. Antireflection (AR) coatings on the 
window and the photodiode surface, normally peaked for 1.06 um wavelength, can be adjusted to customer 
specification. 


mechanical data 


The hermetic package is a precision gold-plated brass case with an epoxy-sealed, AR-coated 0.040-inch-thick glass 
window. The window is limited by a flat-black aperature ring to a clear diameter of 0.80 inch. Approximate weight is 
45 grams. 


The center of the active area is located within a radial distance of 0.001 inch from the center of the circle defined by 
the outer diameter of the case. Oriented as shown, the vertical quadrant separator line is parallel to a line passing 
through the center of the case and through the mounting hole center within a tolerance of 1°. The surface of the active 
area is located 0.100 + 0.010 inch below the top surface of the case (surface A in the outline drawing) and coplanar 
with surface B within +0.010 inch. 

THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


TOP SIDE BOTTOM 


‘ALIGNMENT 
CENTERLINE 
0.320:8,38) 
0.310 (7,87) 
0.040 (1,02) 
MAX GLASS. 







SEAL 
1.201 (30,506) 4), 







1.199 (30,454) 
1,582 (39.421) oy. 
1.548 (39,319) 

1.701 (43,208) pig 
1.609 (43,154) 

1.951 149,556) pip. 
1.949 (49,504) 
0.129 (3.2771 


Soe eT) Dia 
0.124 (3,149) 
























7 LEADS 
0.039 (0,991) 


0.037 (0,940} 
9.103 (2,616) 
0.098 (2,489) 






0.230 15,84) 
0.220 (6,59) 






1 QUADRANT 1 CATHODE 
2 GUARD RING CATHODE 
3 QUADRANT II CATHODE 
QUADRANT II CATHODE 
COMMON ANODE 

CASE 

QUADRANT IV CATHODE 


ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 







BAS 








NO 
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TYPE TIED82 
QUADRANT-GEOMETRY SILICON PHOTODIODE 





absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Forward Voltage = Be eh Pen Sel ee <> EN ie ee we ae) <a eae, OS Go OSV. 
Reverse Voltage ....-..-.-. be ods emis Se elect ay Roe at BOk: See la oe ys Ae ate See ee vt , Z2OOV 
Continuous Power Dissipation per Quadrant at (or below) 25°C Case Temperature (See Note 1) » . . . 500mW 
Storage Temperature Range. ww ee ee ee ee ee ee ee 65°C to 125°C 
Lead Temperature 1/16 inch from Case for 10 Seconds . ee ee ee ee ee ee ee 300°C 


NOTE 1: Derate linearly to 125 mW at 100°C case temperature at the rate of 5 mw/c. 


operating characteristics at 25° C case temperature, each quadrant (see note 2) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
ViBR) Breakdown Voltage IR =100uHA, E,=0, See Note 3 f200C—é‘é‘YL V*«C@d' 
Ip Dark Current VrR=180V, E,=0, See Note 3 100 1000 








Cr Total Capacitance VR=180V, f=1MHz | 1520] pF | 
Va = 180V, A=0.9nm, tmog = 400 Hz 0 
Re Radiant Responsivity R Lat oe mod AW 
VR=180V, A=1.06um,fmoa=400Hz | 0.34 
Crosstalk? Vr = 180V | 


NOTES: 2. During tests of each quadrant, the other quadrants should be connected to the guard ring as shown in the switching circuit, 
Figure 1, except for the breakdown voltage and crosstalk measurements. For the measurement of breakdown voltage, the 
quadrant outputs are connected in parallel. For crosstalk, the outputs from the illuminated quadrant and one dark quadrant are 
read while the remaining quadrants are connected to the guard ring. 

3. trradiance (Eg) is the radiant power per unit area incident on a surface. 
tThis is the response of the one dark quadrant relative to one illuminated quadrant. 








switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT 


tr Rise Time 
A= 1.06 um ——§ — 
TA=09um | 15 +d 


7 









VR=180V, IL =20KA, 
See Figure 1 









OUTPUT 





TEST CIRCUIT VOLTAGE WAVEFORM 


NOTES: a. Input irradiance is supplied by a pulsed GaAs laser (A = 0.9 um). Incident irradiation is adjusted for 1) = 20 HA. 
b. The output waveform is monitored on a oscilloscope with the following characteristics: t, < 2.5 ns, Rj, = 50 2. 


FIGURE 1—SWITCHING TIMES 
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TYPE TIED82 
QUADRANT-GEOMETRY SILICON PHOTODIODE 





TYPICAL CHARACTERISTICSt 

















DARK CURRENT DARK CURRENT 
vs vs 
CASE TEMPERATURE REVERSE VOLTAGE 
100 
10 
Poe : 
i || i 
3 
* 001 ¢ 
: s ; 
2 0.001 2 
0.0001 V4 
a : 
-75 -50 -25 0 25 50 75 100 0 20 40 60 80 100 120 140 160 180 200 
Tc—Case Temperature—"C Vr—Reverse Voltage—V 
FIGURE 2 FIGURE 3 
TOTAL CAPACITANCE RADIANT RESPONSIVITY 
vs vs 
REVERSE VOLTAGE WAVELENGTH 
m = 
t L 
4 = 
4 ¢ 
i é 
bd i 
$ £ 
: : 
t © 
6 , 
Ca 
0 
0.4 0.5 0.6 0.7 08 09 1 1.1 12 1.3 1.4 
VR~Reverse Voltage—V A—Wavelength—um 
FIGURE 4 FIGURE 5 
RADIANT RESPONSIVITY RISE and FALL TIMES 
vs vs 
CASE TEMPERATURE REVERSE VOLTAGE 
Ps 
ee ce 
I 
iN 
@ KOT | 
3 , “ES 
2 Sag 
3 a P's 
4 a 
§ z 
Ly os 
= g 
5 i 
a = 
i 2 
© = 
Py ‘ 
-75 -50 -25 0 25 50 75 100 125 10 20 40 70100 200 400 7001000 
Tc—Case Temperature—"C Vr—Reverse Voltage—V 
FIGURE 6 FIGURE 7 


tEach quadrant was measured independently, but the characteristics apply as well to each quadrant when all are operated simultaneously, 
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TYPES TIED83, TIED84 
SILICON AVALANCHE PHOTODIODES 


BULLETIN NO. DL-S 12199, NOVEMBER 1974—REVISED DECEMBER 1977 





OPTIMIZED FOR HIGH-SPEED DETECTION OF VISIBLE LIGHT 
(FORMERLY TIXL83, TIXL84) 


e Useful from Audio to Microwave Frequencies e Typical Gain-Bandwidth Productt of 80 GHz 

e Typical Photocurrent Gain of >600 e Typical System Noise Equivalent Power Spectral 

@ Choice of Active Areas: Density of 2 X 10-13 W//Hz at 30 MHz 
Bandwidth 


5 X 10-4 cm2 (Dia. = 10 Mils) for TIED83 


45 X 10-4 cm2 (Dia. = 30 Mils) for TIED84 e TIED84 Has Isolated Case for Shielding 
cm = 


description 


The TIED83 and TIED84 are high-speed photodiodes intended for engineering evaluation. They are designed to operate 
in the reverse-voltage avalanche region just below the breakdown voltage. This results in a photocurrent signal gain of a 
magnitude dependent on reverse voltage. The signal gain ahead of the input noise of typical amplifiers provides for 
enhancement of the signal-to-noise ratio in most optical receiver systems. The TIED83 and TIED84 are similar to the 
TIEDS6 and TIEDS9, respectively, except that they are optimized for high-speed detection of visible light. 


mechanical data 
The devices are in hermetically sealed packages with windows of borosilicate glass. 


The outline for the TIED83 is similar to JEDEC TO-18 except for the window. The nominal dimensions for the 
window of the TIED83 are: diameter, 0.155 inch; thickness, 0.045 inch; and distance from front surface of the window 
to the active area, 0.140 inch. 


The outline for the TIED84 is similar to, but slightly shorter than, JEDEC TO-39. The nominal dimensions for the 
window of the TIED84 are: diameter, 0.305 inch; thickness, 0.050 inch; and distance from front surface of the window 
to the active area, 0.085 inch. 


TIED83 THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE 


0.210 (5,34) 3 LEADS 0.019 (0,483) 
0,170 (4,32) 0.016 (0,406) 


0.100 (2,54) DIA 
3—ANODE 


MAXIMUM WINDOW EXTENSION 
0.048 (1,22) FROM TOP OF CASE IS 0.040 (1,02) 
9.028 (0,71) MINIMUM DIAMETER IS 0.150 (3,81) 


WINDOW 


0.046 (1,17) 
0.036 (0,91) 


NC-NO INTERNAL CONNECTION 
ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 


TIED84 ‘THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


2-ANODE 


0,220 (5,69) 
ea, (12,7) MIN 0.200 (6,08) 
0.200 (5,08) NOM DIA 3—CASE 
a areas cq 


0.045 (1,15) 
0.029 (0,73) 
po 0.034 (0,864) 
0.040 (1,02) H bepareen . 0.028 (0,771) 
M. ~~ = 
0.036 (0,406) 


OETAILS OF OUTLINE 1-CATHODE 
IN THIS ZONE OPTIONAL 


ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 





t Gain-bandwidth product Is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain, 
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TYPES TIED83, TIED84 
SILICON AVALANCHE PHOTODIODES 





absolute maximum ratings 


Continuous Power Dissipation at (or below) 25°C Case Temperature (See Note 1) wee ew ee ww we 100 mW 
Storage Temperature Range Ws atc a de ee tot Hee We a BA de Se & Hoke & eee SB Oe fo 1b0-S 
Lead Temperature 1/16 Inch from Case for 10Seconds . . 2... 2... ee ee eee ee ee ee 300°C 


NOTE: 1 Derate linearly to 125°C case temperature at the rate of 1 mW/C. 


operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS§ i 


Breakdown Voltage, V(gR) IR=100uA, E,=0 80 100 120 


Dark Currentt M= 100 E,=0 UL : 
Temperature Coefficient of IR =100uA, Ee=0, 
Breakdown Voltage See Note 2 


Photocurrent Gain at 
: A =6328 A, See Note3 200 >600 200 >600 
Avalanche Noise Threshold, M7 
17 2 


Total Capacitance, Cy VR=60V, f=1MHz 
f = 0.9 GHz 


Gain-Bandwidth Product? fmod = 1 GHz, A = 6328 A 


. as A4=6328A, M=100, 
Radiant Responsivity, Re fmod=15GH2, 9<0.1 mW 
mod = 2 PeSV. 





NOTES: 2. Temperature coefficient is determined by the formula: 


V(BR) @ 125°C — Vigr) @ —55°C 


Temperature coefficient = 5 3 
125 C — (—55 C) 


3. Gain M7 is measured at the reverse voltage at which the noise deviates from the theoretical linear characteristic. See Figure 1. 
Radiant flux is as required to give a photocurrent of 0.1 nA rms at VR = 20 V. 


tGain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 
foark current is the sum of surface current and gain M times the bulk current. 


SE, is the incident radiant power per unit area. 
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TYPES TIED83, TIED84 
SILICON AVALANCHE PHOTODIODES 


TYPICAL CHARACTERISTICS 


SIGNAL POWER AND NOISE POWER 
vs 
PHOTOCURRENT GAIN 












PHOTOCURRENT GAIN 
vs 


REVERSE VOLTAGE 
















& 
oO 
. Oo 
$ e 
3 g 
a. c 
= 3 
2 g 
4 a 
Noise Power | 
«M2.3 = 
1 
Log of Photocurrent Gain, M 0 10 20 30 40 50 60 70 80 90 100 
VR—Reverse Voltage—V 
FIGURE 1 FIGURE 2 
RADIANT RESPONSIVITY TOTAL CAPACITANCE 
vs vs 
WAVELENGTH REVERSE VOLTAGE 
70 a Pe | 
es, eS 
ae Sy 
4on__|-_ | TA 
5 a 
3 a ae es 
2 5 20 
SOAs po 
F ro) ee a Ses TIED83 ao 
foam 7 es ee mm aeee 
re 8 Sse GG SO 
S 20 ° Hh a ao 
3 F 4-H} area ait 
4 ranean aa 
f > 10 MH 
e 10 y mod z i x el CCIE i 
0.5 0.6 0.7 0.8 0.9 1 1.1 7 10 20 40 70 100 
A—Wavelength—um Vr—Reverse Voltage—V 
FIGURE 3 FIGURE 4 
42° 
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TYPES TIED85, TIED86 
SILICON AVALANCHE PHOTODIODE/REFERENCE DIODE PAIRS 


BULLETIN NO. DL-S 12205, NOVEMBER 1974—REVISED DECEMBER 1977 


OPTIMIZED FOR HIGH-SPEED DETECTION OF VISIBLE LIGHT 
(FORMERLY T!XL85, TIXL86) 

@ Photodiode and Reference Diode with Matched Breakdown Characteristics 

e Both Diodes Mounted on Common Ceramic but Isolated Electrically 

e Choice of Active Areas of Photodiode: 


5 X 10-4 cm2 (Diameter = 10 Mils) for TIED85 
45 X 10-4 cm2 (Diameter = 30 Mils) for TIED86 


e Typical Gain-Bandwidth Productt of 80 GHz 
description 


These diode pairs consist of an avalanche photodiode (APD) and a small reference diode that have been manufactured 
together to ensure close matching of both the breakdown voltages and the temperature coefficients of the two diodes. 
This makes it possible to build a temperature-compensating bias circuit that will hold the avalanche gain constant over 
wide temperature variations. 


mechanical! data 


Each diode pair is in a hermetically sealed welded case similar to, but slightly shorter than, JEDEC TO-12. The window 
is borosilicate glass. Its dimensions are: diameter, 0.305 inch; thickness, 0.060 inch; and distance from front surface of 
the window to the active area, 0.075 inch. 


THE REFERENCE DIODE CATHODE IS IN ELECTRICAL CONTACT WITH THE CASE 


2—PHOTODIODE ANODE 
0.220 (5,59) 0.5 (12,7) MIN 0.200 (5,08) 
0.200 (5,08) NOM DIA 3-—REFERENCE DIODE CATHODE 
4—REFERENCE DIODE ANODE 


0.335 ( 8,51) A 
eae ee 


oa 0.034 (0,864) 


0.370(9,40) ,,, 0-150 (3,81) 0.040 (1,02) We 0.028 (0,711) 


-0.335 (8,51) MIN MAX 
4 LEADS 


BASE SEAT 0.019 (0,483) 
DETAILS OF OUTLINE DDI {RACE 1—PHOTODIODE CATHODE 
IN THIS ZONE OPTIONAL 


ALL DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 


absolute maximum ratings 


Continuous Power Dissipation at (or below) 25°C Case Temperature, Each Diode (See Note 1) woe ew es) SOmMW 
Storage Temperature Range. . Soe hk Nk Wn de eae oe Sa ee Me hae i OS C1G 100°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds Ge asi ive tae Sata Sp bohes Baas Be eens dee. GO BOMe 


NOTE 1: Derate tinearly to 125°C case temperature at the rate of 0.5 mw/c. 
t Gain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 
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TYPES TIED85, TIED86 
SILICON AVALANCHE PHOTODIODE/REFERENCE DIODE PAIRS 





operating characteristics at 25°C case temperature (unless otherwise noted) 


TIEDSS 
PARAMETER TEST CONDITIONS$ ERE 
MIN TYP MAX 
arouka wis v Photodiode 100uA. E 0 100 12 
‘a = : = 
PESO Vereen BE Reference Diode | Here 80 100 120 
9 


1 
Temperature Coefficient IR = 100 wA, Eg = 0, 0 120 15 90 120 150 “a 
2 90 120. 150 | 90 120  150\™¥/ © 
0 








Cc 
= 
4 


TIED86 
MIN TYP MAX 
80 100 120 Vv 
8 100 120 
8 


© 
oO 
oO oO 


of Breakdown Voltage Reference Diode | See Note 








Gain-Bandwidth Productt fmod=1GHz, A = 6328 A 


: Fae 4 = 6328 A, M= 100, 
Radiant Responsivity, Re fmod = 15MHz,@_<0.1mW 


NOTES: 2. Temperature coefficient is determined by the formula: 





Breakdown Voltage Matching, 
IR = 100 HA, Eg = 0 +10 0 +10 Vv 
V(BR)APD — V(BR)REF 
Pemperstare Coefficient a See Figure 5 . #2 +6 $5 +6 mVPC 
Operating Voltage Matching —2 —2 
ak —s [4030 0180] pA 
Dark Current, Ipt M = 100, E,=0 
ae ae ee | ee 
Onan ea d= 6328 A, See Note 3 | 200 >600 200 >600 
Avalanche Noise Threshold, My i pal 
Photodiode VR=60V, Ee=0, | £4. 6) 17 
Total Capacitance, C7 - R . Zs 
. Reference Diode | f = 1 MHz i a 





ViBrR)@ 125°C — Vi(BR) @ -65°C 
Temperature coefficient = ———____________—__—_____—__ 
125°C — (-65°C) 
3. Gain My is measured at the reverse voltage at which the noise deviates from the theoretica! linear characteristic. See Figure 1. 
Radiant flux is as required to give a photocurrent of 0.1 nA rms at VR = 20 V. ‘ 
t Gain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 
tDark Current is the sum of surface current and gain M times the bulk current. 


SE, is the incident radiant power per unit area. 





TYPICAL CHARACTERISTICS 


SIGNAL POWER AND NOISE POWER 
vs 


PHOTOCURRENT GAIN 


Log of Power 





Log of Photocurrent Gain, M 
FIGURE 1 
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TYPES TIED85, TIED86 
SILICON AVALANCHE PHOTODIODE/REFERENCE DIODE PAIRS 





M—Photocurrent Gain 


Cy—Tota! Capacitance—pF 


TYPICAL CHARACTERISTICS 


PHOTOCURRENT GAIN RADIANT RESPONSIVITY 
vs vs 
REVERSE VOLTAGE . WAVELENGTH 


Re—Radiant Responsivity—A/W 





1 
0 10 20 30 40 50 60 70 80 90 100 0.5 0.6 0.7 0.8 0.9 1 1.1 
Vr—Reverse Voltage—V A—Wavelength—um 
FIGURE 2 FIGURE 3 


REVERSE VOLTAGE AT CONSTANT CURRENT 


TOTAL CAPACITANCE AND CONSTANT AVALANCHE GAIN 
vs VS 
REVERSE VOLTAGE CASE TEMPERATURE 
100 
70 a RD SS SO 
ae 














1 a 
rth 


SSS eT E TIEDS5 = ED85 =e meas 


Vr—Reverse Voltage—V 








7 10 40 70 100 06 -~50 -25 0 25 50 76 100 125 
Vr—Reverse Voltage—V Tc—Case Temperature—C 
- FIGURE 4 FIGURE 5 
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TYPES TIED85, TIED86 | 
SILICON AVALANCHE PHOTODIODE/REFERENCE DIODE PAIRS 





TYPICAL APPLICATION DATA 
















BREAKDOWN 
VOLTAGE 

OF REFERENCE 
DIODE 


BIAS APPLIED 
TO APD 


PHOTODIODE/ 
REFERENCE 
DIODE PAIR 


—200 V to 
—220 V 


CONSTANT 
CURRENT 
SOURCE 
1= 100 uA 


HIGH-VOLTAGE 
BIAS SUPPLY (-) 





ERROR 
AMPLIFIER 


SIGNAL 
OUTPUT 


TRANSIMPEDANCE 
AMPLIFIER 


The bias voltage applied to the APD should 
closely match the breakdown voltage of the 
reference diode (within £10 V). In Figure 7, 
the bias voltage can be increased by lowering 
the value of the gain-contro! resistor. More 
importantly, the change with temperature in 
applied bias to the APD should closely 
match the change in breakdown voltage of 


- the reference diode. Typically the tempera- 


ture coefficient of constant avalanche gain is 
2 mV/°C higher than the temperature coeffi- 
cient of breakdown under conditions of 
constant current. The temperature coeffi- 
cient of the bias circuit may be adjusted by 
insertion of a temperature-sensitive device in 
the pass element or the error amplifier. 


FIGURE 6—BLOCK DIAGRAM OF TEMPERATURE COMPENSATING BIAS CIRCUIT 


2N5401 2N5401 


BIAS SUPPLY. 
24kQ 


GROUND 


TO LOW- 
INPUT-IMPEDANCE 
AMPLIFIER 





TIED85 or 
TIED86 


Tt These resistors are T2 metal film % W 1%. Other resistors are % W carbon. 
R1 is selected to give approximately 220 “A current through R2. 


Capacitors are ceramic disc, 500 V. 


FIGURE 7—SUGGESTED CIRCUIT 
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TYPES TIED87, TIED88, TIED89 
SILICON AVALANCHE PHOTODIODE/REFERENCE DIODE PAIRS 


BULLETIN NO. DL-S 12204, NOVEMBER 1974—REVISED DECEMBER 1977 







OPTIMIZED FOR HIGH-SPEED DETECTION OF NEAR-INFRARED RADIANT ENERGY 
(FORMERLY TIXL87, TIXL88, TIXL89) 


e Photodiode and Reference Diode with Matched Breakdown Characteristics 
e Both Diodes Mounted on Common Ceramic but Isolated Electrically 
e Choice of Active Areas of Photodiode: 


5 X 10-4 cm2 (Diameter = 10 Mils) for T1ED87 
45 X 10-4 cm2 (Diameter = 30 Mils) for TIED88 
180 X 10-4 cm2 (Diameter = 60 Mils) for TIED89 


© Typical Gain-Bandwidth Productt of 80 GHz 


description 


These diode pairs consist of an avalanche photodiode (APD) and a small reference diode that have been manufactured 
together to ensure close matching of both the breakdown voltages and the temperature coefficients of the two diodes. 
This makes it possible to build a temperature-compensating bias circuit that will hold the avalanche gain constant over 
wide temperature variations. 


mechanical data 


Each diode pair is in a hermetically sealed welded case similar to, but slightly shorter than, JEDEC TO-12. The window 
is borosilicate glass. Its dimensions are: diameter, 0.305 inch; thickness, 0.060 inch; and distance from front surface of 
the window to the active area, 0.075 inch. 


THE REFERENCE DIODE CATHODE IS IN ELECTRICAL CONTACT WITH THE CASE 


0.200 (5,08) NOM DIA 3-REFERENCE DIODE CATHODE 


2—PHOTODIODE ANODE 
R220 1b Eo 0.5 (12,7) MIN 0.200 (5,08) 
4—REFERENCE DIODE ANODE 


0.335 ( 8,51) Mi \\ 
0.305 (7,74) A j/— Tote 
Aa aes wo 4 0.034 (0,864) 
ores 7 0.160 (3,81) 0.040 (1,02) 0.028 (0,711) 
0.335 (8,51) MIN 
4LEADS 


BASE SEAT 0.019 (0,483) 


DETAILS OF OUTLINE SUIS CAT 1—PHOTODIODE CATHODE 


IN THIS ZONE OPTIONAL 
ALL DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 





absolute maximum ratings 


Continuous Power Dissipation at (or below) 25°C Case Temperature, Each Diode (See Note 1) ~ eee es) 5OmMW 
Storage Temperature Range bg eae Gd eauadgo plow tae w, ph Oe: de BiG Gh ese do ae OO tO 1OUO 
Lead Temperature 1/16 Inch from Case for 10Seconds . . 2... 1 1 we ee ee ee ee ee ee. 280°C 


NOTE 1: DOerate linearly to 125°C case temperature at the rate of 0.5 mw/*c. 
tT Gain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 
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TYPES TIED87, TIED88, TIED89 
SILICON AVALANCHE PHOTODIODE/REFERENCE DIODE PAIRS 





operating characteristics at 25°C case temperature (unless otherwise noted) 


TIED87 TIED88 TIED89 
PARAMETER TEST CONDITIONS8§ p UNIT 
MIN TYP MAX| MIN TYP MAX] MIN TYP MAX 


155 170 185 155 170 185 
Temperature Coefficient IR = 100 HA, Ee = 0, 170 200 230 170 200 23 
of Breakdown Voltage See Note 2 170 200 230 170 200 230 |™¥/¢ 


Breakd Volt Matching, A 
eee ou : a : oe 
ViBR)APD — V(BR)REF 
Te ture Coefficient of 
mpare ure Coefficien : See Figure 5 9 
Operating Voltage Matching 
Dark Current, Ipt M=100,  E_=0 
a urren = , = 
eee : 210 
Ph i A=0.9 
apo cuiten’ Gain at gk 200 >600 200 >600 200 >600 
Avalanche Noise Threshold, M+ See Note 3 
Photodiode VR=100V, Ee =0, 


Total C: it ,Cc 
siaebeeue aed! Reference Diode | f = 1 MHz 
f=0.9GHz, Ee=0 


Gain-Bandwidth Productt fmod = 1 GHz, = 6328 A 
aa a X=0.9"m, M= 100, 
adiant Responsivity, Re fmod=15MHz,%_<0.1 mW 


NOTES: 2. Temperature coefficient is determined by the formula: 

















oO 


Ww 
ro) 
+ 
NO 
lL o+ 
RO oO 
—_ 
bh 
° 


° 
w ola 
| + 
Nn oO 
Nh 
Nn 
=) 






= 
o 
N 
(o) 
- 
oa 
NO 
oO 


Vigr) @ 125°C — Vigry @ -65°C 
Temperature coefficient = ——@@ _————$_$$_$$_T__L____ 
125°C — (-65°C) 
3. Gain Mr is measured at the reverse voltage at which the noise deviates from the theoretical linear characteristic. See Figure 1, 
Radiant flux is as required to give a photocurrent of 0.1 nA rms at VR = 40 V. 


t Gain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 
FDark Current is the sum of surface current and gain M times the bulk current. 


SE, Is the incident radiant-power per unit area. 


TYPICAL CHARACTERISTICS 


SIGNAL POWER AND NOISE POWER 
vs 


PHOTOCURRENT GAIN 


Signal Power 


Log of Power 








Log of Photocurrent Gain, M 
FIGURE 1 
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TYPES TIED87, TIED88, TIED89 
SILICON AVALANCHE PHOTODIODE/REFERENCE DIODE PAIRS 


TYPICAL CHARACTERISTICS 


RADIANT RESPONSIVITY 
PHOTOCURRENT GAIN vs 
vs WAVELENGTH 


REVERSE VOLTAGE 
1000 i 


pee 
“IN 


i 
Ht oda | 
ATE NA 


M—Photocurrent Gain 
P=) 
Re—Radiant Responsivity—A/W 





e 40 80 120, «160-200 05.06 O7 O8 O09 1 bs 
VR—Reverse Voltage—V A—Wavelength—um 
FIGURE 2 FIGURE 3 


REVERSE VOLTAGE AT CONSTANT CURRENT 











TOTAL CAPACITANCE OF PHOTODIODE AND CONSTANT AVALANCHE GAIN 
vs vs 
REVERSE VOLTAGE CASE TEMPERATURE 

a 
a 
d 
ne] 
°o 
3 > 
£ | 

ao 
= £ 
‘5 s 
8 (-t) 
c 2 
8 <b] 
rs} Fa 
Ss 7 
3 foal 
3 > 
°o 
fr 
5 

1 4 10 40 100 400 -75 -50 -25 0 25 50 75 100 125 
Vp—Reverse Voltage—V Tc—Case Temperature—C 
FIGURE 4 FIGURE 5 
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TYPES TIED87, TIED88, TIED89 
SILICON AVALANCHE PHOTODIODE/REFERENCE DIODE PAIRS 





TYPICAL APPLICATION DATA 


The bias voltage applied to the APD should 
HIGRVOLTAGE closely match the breakdown voltage of the 
BIAS SUPPLY (_) reference diode (within +10 V). In Figure 7, 
the bias voltage can be increased by lowering 
the value of the gain-control resistor. More 
importantly, the change with temperature in 













CONSTANT 
CURRENT 
SOURCE 
{= 100 pA 





ERROR 


BREAKOOWN AMPLIFIER 


oop eeee applied bias to the APD should closely 
DIODE match the change in breakdown voltage of 
the reference diode. Typically the tempera- 
BIAS APPLIED ture coefficient of constant avalanche gain is 

TO APD 


2 mV/°C higher than the temperature coeffi- 
cient of breakdown under conditions of 


PHOTODIODE/ constant current. The temperature coeffi- 


REFERENCE cient of the bias circuit may be adjusted by 
DIODE PAIR insertion of a temperature-sensitive device in 
the pass element or the error amplifier. 
SIGNAL 
OUTPUT 
25 |. TRANSIMPEDANCE 
= = AMPLIFIER 
FIGURE 6—BLOCK DIAGRAM OF TEMPERATURE COMPENSATING BIAS CIRCUIT 
2N5401 2N5401 
~—200 V to 
—220V 


BIAS SUPPLY. 
24 


BINVAC ae 








680 kQ 0.8 to 1.2 MQ CONTROL 
fc |i— 
GROUND = 
O a 
Nes peilg pr ae | 
TIED87, 
TO Low. TIED88, 
INPUT-IMPEDANCE or TIED89 
AMPLIFIER 
tT These resistors are T2 metal film % W 1%, Other resistors are % W carbon. 
R11 is selected to give approximately 220 ZA current through R2. 
Capacitors are ceramic disc, 500 V. 
FIGURE 7—SUGGESTED CIRCUIT 
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BULLETIN NO. DL-S 12198, NOVEMBER 1974—REVISED DECEMBER 1977 





OPTIMIZED FOR HIGH-SPEED DETECTION OF VISIBLE LIGHT 
(FORMERLY TIXL90 thru TIXL93) 


Complete Sensitive Optical Receivers ACTIVE AREA -SeMiNat SANOrIET 
<a 


Choice of Active Areas: 
5 X 10-4 cm2 (Diameter = 10 Mils) or 
(ate [nen ree 


45 X 10-4 cm2 (Diameter = 30 Mils) 
© Choice of Demodulation Bandwidths ...20 MHz or 
50 MHz Typ 
© Typical Responsivities from 0.15 to 0.61 mV/mW at 0.63 um 
© Typical NEP Spectral Densities from 0.12 to 0.34 pW//Hz 
© Automatic Temperature Compensating Bias Circuit 
o@ Low Power Consumption 
o Low Phase Shift 


description 





The TIED9O through TIED93 avalanche photodetector modules are complete optical receivers optimized for detection 
of low-level light signals. The high sensitvity and high speed of these devices make them ideally suited for laser range 
finders and optical communicators. These units contain an antireflection-coated silicon avalanche photodiode (APD), a 
temperature-sensing voltage reference diode, a low-noise, high-frequency, thick-film amplifier, and a 
constant-avalanche-gain regulator circuit. An internal resistor sets the avalanche gain of the module (M = 200 nominal 
for TIED90 and TIED92, M = 100 nominal for TIED91 and TIED93). The gain may be increased by externally 
connecting a resistor (usually greater than 400 k{2) between the remote gain contro! (pin H) and ground (pin E). 


These devices are mechanically interchangeable with the TIED94 through TIED97 near-infrared detectors. The wide 
range of choices allows the designer of an optoelectronic system to choose a detector that will best fit his complete 
system needs, and the interchangeability of all the different models provides for ease of detector change for different 
system requirements. 


mechanical data 


The modules are housed in a finished aluminum case approximately two inches in diameter and 1.3 inches in length,- 
including connector pins. A one-inch-diameter by 0.188-inch-long threaded (32 threads/inch) portion of the case front 
facilitates mounting into the optical system. A flat window of borosilicate glass 0.060-inch thick and 0.300-inch in 
diameter is centered in the front of the housing. The avalanche photodiode is centered approximately 0.075-inch 
behind the front surface of the window. A five-pin plug on the rear of the module provides for the electrical 
connections. Tota! weight of the complete module is approximately 65 grams. 


PIN E IS IN ELECTRICAL CONTACT WITH THE CASE 


No. 4 PHILLIPS HEAD SCREW 
0.198 (6,03) (2 PLACES) 
0.178 (4,52) 


A 
ANSI STD THREAD 
(APPROX 26,4 mm MAX) 
0.326 (8,26) 
NOM DI. 
1.000 (25,4) NOM 
0.8175 (20,77) 
0.8026 (20,38) 
0,066 (1,65) 
MAX 
UNTHREADED 
0.960 (24,4) NOM 
TO SEATING PLANE 
NOTES: a. All dimensions are in inches and parenthetically 
in millimeters. Inch dimensions govern. 


b. Plug dimensions are nominal. 


. Signal Output 

. Amplifier Supply 

.» Voltage Supply for 
Diode-Bias Circuit 


« Ground 


. Remote Gain Control DETAIL OF P1 
(AMPHENOL 126.216) 
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TYPES TIEDSO THRU TIEDS3 
SILICON AVALANCHE PHOTODETECTOR MODULES 





operational block diagram 








VOLTAGE SUPPLY 
FOR DIODE-BIAS 
CIRCUIT 
140+10V 












AMPLIFIER POWER 
SUPPLY 
15+3 V, 20 mA MAX 


AVALANCHE 
PHOTODIODE 
MODULE 







OUTPUT 

SIGNAL MODULATED 
INPUT 
RADIATION 








REMOTE GAIN 
CONTROL 
(NORMALLY OPEN) 










SYSTEM 
GROUND 


schematic 
Coie te ps ee ee ee 
VOLTAGE | 
SUPPLY FOR 

DIODE-BIAS | 

CIRCUIT | 

| 

| 

| 

| 

| 

GROUND | E GAIN. = 
CONTROL | OPTICAL 
REMOTE GAIN | ,, RESISTOR l INPUT 
CONTROL 
+ 

10 AMPLIFIER 5 | 

POWER SUPPLY | 

| 

| 

SIGNAL OUTPUT | A 

1 

OE a aa Ne i ce eee al 

absolute maximum ratings over operating case temperature range (unless otherwise noted) 

Amplifier Supply Voltage, Vaa (See Note 1) 2. 2. 2. 2. ee ee ee ee ee ee ee ee 1B 
Avalanche Bias Supply Voltage, Vpp (See Note 1) elds gy Wn Ge. Se eo ey alee be STOO. 
Operating Case Temperature Range 2 cas ania 68 cam Bs Gian Ge? ee BG Od GS a So we “ae ee he AOE te'G OC 
Storage Temperature Range sh te ute ody Gee ce oe aves uae oe! Bae dee oy (S85 Cito 425 © 


NOTE 1: All voltage values are with respect to pin E (GND) unless otherwise noted. 
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TYPES TIEDSO THRU TIEDS3 
SILICON AVALANCHE PHOTODETECTOR MODULES 





electrical connections to plug, P1 (see schematic) 


| PIN | DESCRIPTION POWER REQUIRED 
Signal Output 


Amplifier Supply 15+ 3V,20 mA max 


| D_ | Avalanche Bias Supply —140 + 10 V, 1 mA max 
oH | Remote Gain Controlt fe oat oe =| 


tNormalty open. A resistor connected between pins E and H raises the avalanche gain of the APD.’ 


operating characteristics at 25°C case temperature (unless otherwise noted) 


foaois | mvinw 
ao a 


APD Gain Variation over 
AM/M Rated Operating Temperature 
Range (See Note 2) 
Broadband Noise 
Vn 
Voltage 


Noise Equivalent Power 
Ph Spectral Density 
(See Note 3) 
Module Demodulation 
Molrsut 
Impedance 
M @ 60° M@60 C-M@—-40C 40°C 


f M/M = x 
NOTES: 2. Gain variation, AM/M, is determined by the formula: tAM/ M@60°C+M@—40°C —— ne X 100%. 
Vv 


n 
——= _, where V, = broadband rms noise voltage and equivalent noise bandwidth Af = 7B,,/2. 
Re V18m/2 a . ? m 


4. Since the gain-bandwidth product of the APD is approximately 100 GHz, the module demodulation bandwidth can be 
determined from electrical bandwidth measurements performed on the module amplifier. The input signal level to the amplifier is 


SBA. 
tFor these modules, the lower end of the bandwidth is 3.5 kHz. 


TYPICAL CHARACTERISTICS 








3. Pa® 





TIEDSO 


RADIANT RESPONSIVITY 
vs 
WAVELENGTH 











.° 
Zo 
Fo. 
2 4, 
@ aa 
e 
1 
0 
0.5 06 07 0.8 0.9 1 1.1 
A—Wavelength-um 
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BULLETIN NO. DL-S 12197, NOVEMBER 1974—REVISED DECEMBER 1977 





OPTIMIZED FOR HIGH-SPEED DETECTION OF NEAR-INFRARED RADIANT ENERGY 
(FORMERLY TIXL94 thru TIXL97) 


ACTIVE AREA | NOMINAL BANDWIDTH 


| = 10 mils =|) TIED94 TIED96 
| 30mils | TIED95 TIED97 


e Complete Sensitive Optical Receivers 
e Choice of Active Areas: 


5 X 10-4 cm2 (Diameter = 10 Mils) or 
45 X 10-4 cm2 (Diameter = 30 Mils) 
e Choice of Demodulation Bandwidths . .. 20 MHz or 
50 MHz Typ 
e Typical Responsivities from 0.11 to 0.47 mV/mW at 0.9 um 
e Typical NEP Spectral Densities from 0.15 to 0.43 pW//Hz 
e Automatic Temperature Compensating Bias Circuit 
@ Low Power Consumption 
e Low Phase Shift 


description 

The TIED94 through TIED97 avalanche photodetector modules are complete optical receivers optimized for detection 
of low-level near-infrared signals. The high sensitivity and high speed of these devices make them ideally suited for laser 
range finders and optical communicators. These units contain an antireflection-coated silicon avalanche photodiode 
(APD), a temperature-sensing voltage reference diode, a low-noise high-frequency thick-film amplifier, and a constant- 
avalanche-gain regulator circuit. An internal resistor sets the avalanche gain of the module (M = 200 nominat for 
TIED94 and TIED96, M = 100 nominal for TIED95 and TIED97). The gain may be increased by externally connecting 
a resistor (usually greater than 400 kQ2) between the remote gain control (pin H) and ground (pin E). 










These devices are mechanically interchangeable with the TIED90 through TIED93 visible light detectors. The wide 
range of choices allows the designer of an optoelectronic system to choose a detector that will best fit his complete 
system needs, and the interchangeability of all the different models provides for ease of detector change for different 
system requirements. 
mechanical! data 

The modules are housed in a finished aluminum case approximately two inches in diameter and 1.3 inches in length, 
including connector pins. A one-inch-diameter by 0.188-inch-long threaded (32 threads/inch) portion of the case front 
facilitates mounting into the optical system. A flat window of borosilicate glass 0.060-inch thick and 0.300-inch in 
diameter is centered in the front of the housing. The avalanche photodiode is centered approximately 0.075-inch 
behind the front surface of the window. A five-pin plug on the rear of the module provides for the electrical 
connections. Total weight of the complete module is approximately 65 grams. 


PIN E IS IN ELECTRICAL CONTACT WITH THE CASE 


1.090 (27,7) 
NOM No. 4 PHILLIPS HEAO SCREW 
0.198 (5,03) (2 PLACES: 


0.178 (4,52) 


1.00-32 NS-2A 
ANSI STD THREAD 
{APPROX 25,4 mm MAX) 


0.326 (8,26) ht 

NOM Dt. 1.630 (41,40) 
A x 1,620 (41,15) 

0.81765 (20,77) 
0.065 (1,65) 
MAX és 
GLASS LENS nese 0.060 (24,4) NOM 
TO SEATING PLANE 
NOTES: a, All dimensions are in inches and parenthetically 
in millimeters. Inch dimensions govern. 
b. Plug dimensions are nominal. 


A. Signal Output 

B. Amplifier Supply 

‘D. Voltage Supply for 
Diode-Bias Circuit 

E. Ground 

H, Remote Gain Control 


DETAIL OF PT 
(AMPHENOL 126-216) 
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operational block diagram 








VOLTAGE SUPPLY 
FOR DIODE-BIAS 
CIRCUIT 

220 + 20 V 











AMPLIFIER POWER 
SUPPLY 
15+ 3 V, 20 mA MAX 


AVALANCHE 
PHOTODIODE 
MODULE 








OUTPUT LENS 





























SIGNAL ~— MODULATED 
INPUT 
REMOTE GAIN 1 —— RADIATION 
CONTROL SYSTEM 
(NORMALLY OPEN) GROUND 
schematic 
ERBY Fon ee Ne ae, Fe GP Ts Sy es Tepe ep Pg” fest ee el 
VOLTAGE | 
SUPPLY FOR | D | 
DIODE-BIAS | 
CIRCUIT | 
| 
| 
| 
| 
| 
| 
| 
GROUND | E GAIN. ‘ T 
CONTROL | OPTICAL 
REMOTE GAIN H RESISTOR - ; | INPUT 
CONTROL 
aS 
AMPLIFIER i | 
POWER SUPPLY | 
| 
| | 
SIGNAL OUTPUT | A 
| 
Be a a eee ee 
absolute maximum ratings over operating case temperature range (unless otherwise noted) 
Amplifier Supply Voltage, Vag (See Note 1) 2. 2 2. 1 we ee ee ee ee ee ee eee ee 1B 
Avalanche Bias Supply Voltage, Vpp (See Note 1) - . . . 2. 1 we ee ee ee ee ee ee es AAO V 
Operating Case Temperature Range ......... Ck ke ee eee ee ee ws 40°C 10:60°C 
Storage Temperature Range ..........- bes go a ok: BA od wh ay Gok A Bee, 785°C 10 128°C 
NOTE 1: All voltage values are with respect to pin E (GND) unless otherwise noted. 
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TYPES TIED94 THRU TIEDS7 
SILICON AVALANCHE PHOTODETECTOR MODULES 





electrical connections to plug, P1 (see schematic) 


DESCRIPTION POWER REQUIRED 


A_ | Signal Output | | sd 
Amplifier Supply 15+ 3V,20 mA max 


Remote Gain Control? Pee ee 


tNormaily open. A resistor connected between pins E and H raises the avalanche gain of the APD. 





| 8 
aa 
Pa 


operating characteristics at 25°C case temperature (unless otherwise noted) 


TEST TIED94 TIED9S TIED96 TIEDS7 
PARAMETER 
CONDITIONS 


UNIT 
MIN TYP MAX|MIN TYP MAX|/MIN TYP MAX{MIN TYP MAX 
Re _ Radiant Responsivity 0.3 0.47 0.16 0.24 0.07 0.11 
M Avalanche Gain 






















0.15 0.23 | 
| too] to | tc | 
APD Gain Variation over 
AM/M Rated Operating Temperature +5 +15 +5 +15 +5 +15 +5 +15 % 

Range (See Note 2) 
te ec Ae Me ee 
Voltage R,_ =502 
Noise Equivalent Power 
ERE foe [wel el ool eeehe 
(See Note 3) 
Module Demodulation 
[to mmr jemtens |e 20 | 
Voltage 
teem Se ep eee ee): eee 
Impedance 


M@ 60°C —-M@-— 40°C 
M@60°C+M@-40C 
















NOTES: 2. Gain variation, AM/M, is determined by the formula: tAM/M = X 100%. 


3. Py= es eee , where V,, = broadband rms noise voltage and equivalent noise bandwidth Af = 7B,,)/2. 
Re V7B,,/2 
4. Since the gain-bandwidth product of the APD is approximately 100 GHz, the module demodulation bandwidth can be 
determined from electrical bandwidth measurements performed on the module amplifier. The input signal level to the amplifier is 
SMA. 
tFor these modules, the lower end of the bandwidth is 3.5 kHz. 


TYPICAL CHARACTERISTICS 


TIED94 TIEDOS 
RADIANT RESPONSIVITY RADIANT RESPONSIVITY 
vs vs 
WAVELENGTH MODULATION FREQUENCY 


















NOTE: 

The increased response at low frequen- 
cles (<3 MHz) is due to hole-electron 
pairs that are created outside of the 
depletion region and move at slow 
diffusion velocity to the depletion 
region where they are swept out at high 
velocity. This effect only occurs at 





mt 

mbit 
tT Mil 
meee 


CUTE Pre 
SLIM UIT UT 






h 









cootini—oonn ico 

0.04 |] i a relatively long wavelength (>0.8 um) 
LT TT TT and even then, the majority(*2/3) of 
ET 


the carriers are created in the high-field 


Re—Radiant Responsivity—mV/nW 
oe 
a) 
ga 








AR Penance 
Q 0.01 
06 O06 O07 O8 09 1 11 10k 100 k 1M 10M 100M 
A—Wavelength—um fmod—Modulation Frequency—Hz 
FIGURE 1 FIGURE 2. 
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BULLETIN NO. DL-S 12192, NOVEMBER 1974—REVISED DECEMBER 1977 








DESIGNED FOR DETECTION OF VISIBLE AND NEAR-INFRARED RADIANT ENERGY 
(FORMERLY TIXL98) 





e Wide Spectral Bandwidth 


e Typical Radiant Responsivity ...0.5 A/W at 0.9 um 
0.27 A/W at 0.56 um 


e Active Area of 8 X 10-3 cm2 (Diameter = 40 Mils) 
e Low Capacitance...2 pF Typ at VR =12V 


e Dark Current...2nA Typ at VR = 25 V 
description 


The TIED98 is a high-performance silicon photodiode designed to operate in a reverse-bias mode. High-resistivity silicon 
is used to provide high 0.9-um responsivity and low capacitance at low voltage. The device has a guard-ring structure to 
minimize active-area dark current and to provide excellent low-noise characteristics. 


mechanical data 


The device is in a hermetically sealed welded case similar to, but slightly shorter than, JEDEC TO-39. The window is 
borosilicate glass. Its nominal dimensions are: diameter, 0.305 inch; thickness, 0.050 inch; and distance from front 
surface of the window to the active area, 0.100 inch. 


THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE 
2-GUARD RING CATHODE G 


ee 5 (12,7) MIN 0.200 (5,08) 
0.200 (5,08) es NOM DIA 3~ANODE A 


= 


0.335 (8,51) pia 
é 0.045 (1,15) 
0.305 (7,74) pecans LPL 
: 0.029 (0,73) 
— 90 0.034 (0,864) 
f 711) 
0.370 (9,40) 0.040 (1,02) LEADS 0.028 (0, 
0.335 (8.51) ae? hase 0.019 (0,483) 5), 
0.016 (0,406) 
BASE SEAT 
DETAILS OF OUTLINE 1—PHOTODIODE CATHODE K 
IN THIS ZONE OPTIONAL 


ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 





absolute maximum ratings 


Continuous Power Dissipation at (or below) 25°C Case Temperature (See Note 1) wee ww ee ew ee 6 100 mW 
Storage Temperature Range Sey dep eege tet obs Lene dae dona Bae. wat, sr GS eG wae sie . —65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10Seconds . . . 1... 1 ee ee ee 300°C 





operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT 
V(BR) Breakdown Voltage IR =100HA, Eo =0, SeeNotes2and3 | 50 100 | v | 
Ip Dark Current, Photodiode VR=25V, E,=0, See Notes 2 and 4 fF 2 10 | | 
Var i2V, f= 1 Miz, Ee=0 
c Total Capaci 
Va=25V, t= 1WHe, E90 he etereal 
VR=12V, A= 0.56 um 0.18 0.27 


R Radiant Responsivit A/W 
Ee) Van 12V, A= 09 um Pearsons] 2 


- Derate linearly to 125°C case temperature at the rate of 1 mw/*c. 

. Irradiance (Eg) is the radiant power per unit area incident on a surface. 

. Breakdown voltage is measured with the photodiode and guard-ring cathodes connected together. 

. Oark current of the photodiode is measured in a circuit similar to the switching circuit (Figure 1). A current meter (with a 
full-scale voltage drop of 1 mV maximum) replaces the TIEF151 and measures the dark current of the photodiode cathode with 
the guard-ring cathode at ground. 





NOTES: 


&AN= 
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switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS TYPICAL UNIT 





Rise Time IL=10HA, Va=25V, | 45 | 


Fall Time See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


.. Anode 
G... Guard Ring Cathode 
K... Photodiode Cathode 


0.1 uF ce OUTPUT 
= 0 


TEST CIRCUIT VOLTAGE WAVEFORM 





NOTES: a. Input irradiance is supplied by a pulsed GaAs Infrared emitter, ty, © 200 ns, tp © 5 ns, A = 0.9 em. Incident irradiation is adjusted 
for i, = 10 BA. 
b. The output waveform is monitored on a oscilloscope with the following characteristics: ty < 2.5 ns, Aj, = 50 2. 


FIGURE 1—SWITCHING TIMES 





TYPICAL CHARACTERISTICS 


DARK CURRENT, PHOTODIODE : 
AND GUARD RING TOTAL CAPACITANCE RADIANT RESPONSIVITY 
vs “ vs 
REVERSE VOLTAGE REVERSE VOLTAGE WAVELENGTH 


apezee_[ | | TI | 
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Ip—Dark Current, Photodiode—nA 
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Cy-Total Capacitance—pF 
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Re—Radiant Responsivity—A/W 
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TYPE TIED451 
SILICON AVALANCHE PHOTODIODE 


BULLETIN NO. OL-S 12125, JULY 1974—REVISEO DECEMBER 1977 


DESIGNED FOR FIBER-OPTIC APPLICATIONS 
(FORMERLY TIXL451) 


e Useful from Audio to Microwave Frequencies 
e Active Area of 4.5 X 10-3 cm2 (Diameter = 30 Mils) 
e Isolated Panel-Mounting Case 







e Optimized for Near-Infrared Sources 

e Typical Photocurrent Gain of >600 

e Typical Gain-Bandwidth Productt of 80 GHz 

e@ Typical System Noise Equivalent Power of 2 X 10-13 W//Hz over 30-MHz Bandwidth 
description 


The TIED451 is a high-speed photodiode intended for use with fiber-optic bundles. This device is designed to operate in 
the avalanche region to provide gain for excellent low-noise performance over wide bandwidths. The TIED451 is 
electrically similar to TIED59. 


mechanical data 


The device is in an anodized-aluminum threaded case filled with clear epoxy. The active area of the avalanche 
photodiode (4.5 X 10-3 cm2) is nominally 0.020 inch below the flat, outer surface of the epoxy window, the index of 
refraction of which is 1.49. The mounting of the detector near the outer surface of the window and the threading of 
the case allow the user to couple effectively to a variety of fiber-optic bundles using available standard or custom-made 
adapters. This package can be panel mounted with a set of hex nuts supplied with the device. 


0.197 (5,004) 


0.765 (19,43) 
0.735 (18,67) 
, 0.75 (19,0) 
nner aaa a MIN 
0.200 (6,080) |, 605017270) | 


————— ——] 


3 LEADS 2k 0.050 (1,27) 
0.019 (0,483) 


0.168 (4, 27) PITCH DIA 10,000/9.824mm 0.016 (0,406) 
Se iain 1-CATHODE INDEX 
NOM DIA (APPROX 0.394 INCH MAX) Racine MARK 


WINDOW . M10 X 1.00—6G6G METRIC THREAD 


NOTES: A, All dimensions are in inches (except metric thread) and parenthetically in millimeters. Inch 
dimensions govern except on metric thread. 
B. Leads having maximum diameter shall be within 0.007 (0,18) of true position when measured in 
the gaging plane between 0.054 (1,371) and 0.055 (1,397) below the seating plane. 





absolute maximum ratings 


Continuous Power Dissipation at (or below) 25 C Case Temperature (See Note 1) wee ee ew ew we «6 100 mW 
Storage Temperature Range. ww ww ee ee ee ee ee ee ee ee ee AOE to 80°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds . . . . 2... ee ee ee ee ee ew ew . 230C 


NOTE 1: Derate linearly to 65 mW at 60°C case temperature at the rate of 1 mW/’C, 
tGain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain. 


A ET a I I EDT DE GTI ONE IT EI TIT TTR TI TA A I TE TTF ET IT, 
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TYPE TIED451 


SILICON AVALANCHE PHOTODIODE 





operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS § MIN TYP MAX | UNIT 


Breakdown Voltage, V(gR) IR = 100 vA, Eg =0 155 170 185 


cel 


Temperature Coefficient of Breakdown Voltage IR=100uA, Eg=0, See Note 2 mV/C 


P in at Aval 
hotocurrent Gain at Avalanche A=0.9um, See Note3 200 >600 
Noise Threshold, My 


Total Capacitance, CT VR =100V, f= 1MHz 













Series Resistance f = 0.9 GHz a eee ee 
J 15 20} CA 






X=0.9um, M=100, fmod=15 MHz 


NOTES: 2. Temperature coefficient is determined by the formula: 


@ 125°C —V —55°C 


ViBr) (gr) ® 


Temperature coefficient = = §£9————_—__ 
125 °c — (—55°C) 
3. Gain My is measured at the reverse voltage at ‘which the noise deviates from the theoretical linear characteristic. See Fgiure 1. 
Radiant flux is as required to give a photocurrent of 0.1 nA rms at V_ = 40 V. 


tGain-bandwidth product is the gain times the frequency of measurement when the diode is biased for maximum obtainable gain, 
Dark current is the sum of surface current and gain M times the bulk current. 


Se, is the incident radiant power per unit area 


TYPICAL CHARACTERISTICS 


SIGNAL POWER AND NOISE POWER 
vs 





PHOTOCURRENT GAIN 
vs 
PHOTOCURRENT GAIN REVERSE VOLTAGE 


Signal Power 


Log of Power 
M-Photocurrent Gain 





Log of Photocurrent Gain, M 


Ve ~—Reverse Voltage-V 


FIGURE 1 


RADIANT RESPONSIVITY FIGURE 2 
vs 


WAVELENGTH 


aoc 
avekue 
Baar 


yan 
is] 
5 0.6 0.7 08 09 


0. 1 14 





Re—Radiant Responsivity—A/W 


A—Wavelength—um 


FIGURE 3 
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TYPE TIED452 
SILICON AVALANCHE-PHOTODIODE FIBER-OPTIC RECEIVER MODULE 


COMPLETE FIBER OPTIC RECEIVER 
(FORMERLY TIXL452) 


e Designed for 0.6-um to 1.06-um Wavelengths 

© Active Area of 4.5 X 10-3 cm? (Diameter = 30 Mils) 

e@ Bandwidth Extends from DC to 50 MHz Typical 

e Typical Responsivity with 0.9-um Radiation Is 200 mV/uW 

© Typical System Noise Equivalent Power with 0.9-um Radiation Is 2 X 10 —13 W//Hz 
e@ Small Cylindrical Shape, 2-Inch Diameter by 1.58-inch Length 

e Automatically Regulated Avalanche-Gain Bias Circuit 





description 


The TIED452 is a complete avalanche photodetector module designed for use with fiber-optic bundles. The unit 
contains a silicon avalanche photodiode (APD), a temperature-sensing voltage reference diode, a low-noise, 
high-frequency, thin-film amplifier, and a regulated avalanche-gain bias circuit. The avalanche gain is internally fixed at 
125. The high sensitivity of these devices makes them ideally suited for use in fiber-optic communications or data links 
employing LED or IRED transmitters such as the TIES472. 


mechanical data 


The TIED452 consists of a TIED59/TIED451 photodetector chip and TIED451 fiber-optic package matched with a 
reference diode and an electronics section. A finished aluminum housing protects the electronics and provides threads 
for mounting to the system. The active area of the avalanche photodiode (4.5 X 10-3 cm2) is nominally 0.020 inch 
below the flat, outer surface of the epoxy window, the index of refraction of which is 1.49. The mounting of the 
detector near the outer surface of the window and the threading of the case allow the user to couple effectively to a 
variety of fiber-optic bundles using available standard or custom-made adapters. 


The five-pin plug on the rear of the module provides for the electrical connections. Total weight of the complete 
module is approximately 65 grams. 





PIN E IS IN ELECTRICAL CONTACT WITH THE CASE 












1,580 (40,1) NOM 







No. 4 PHILLIPS HEAD SCREW 
(2 PLACES) 





0.198 (5,03) 
0.178 (4,52) 












0.880 (22,35) 






1,00-32 NS-2A 
ANS! STD THREAD 
{APPROX 25,4 mm MAX) 







0.250 (6,35) 


Pozo: 6.08) 

aN 1.630 (41,40). 

= 1,620 (41,16) 
0.8176 (20,77) 

0.8075 (20,53) 


1,000 (25,4) NOM 











0.065 (1,65) 
MAX 





UNTHREADED 





CLEAR EPOXY WINDOW 0.960 (24,4) NOM 


TO SEATING PLANE 






METRIC THREAD 
M10 X 1.00-6G6G THREAD 
PITCH DIA 10.000/9.824 

{APPROX 0.394 INCH MAX) 









NOTES: a. All dimensions are in inches (except 
metric thread) and parenthetically A. Signal Output 
in millimeters. Inch dimensions B. Amplifier Supply 0.107 (2,72) 
govern except On metric thread. D. Voltage Supply for 
b. Plug dimensions are nominal. Diode-Bias Circuit 











0.203 (5,18) 






DETAIL OF PLUG P1 
E. Ground {AMPHENOL 126-216) 


« Make no Connection 
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TYPE TIED452 
SILICON AVALANCHE-PHOTODIODE FIBER-OPTIC RECEIVER MODULE 





absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Amplifier Supply Voltage, Vana (SeeNote 1) 2. 2. 2. 2 6 1. ee ee ee ee ee ee es GEV 
Diode-Bias-Circuit Supply Voltage, Vpp (See Note1) ........ 2-6-6222. 082... —230V 
Operating Case Temperature Range oS ge US aw os Bae We oe a ech ee SOE ta 60-€ 
Storage Temperature Range. ww —40°C to 80°C 


NOTE 1: All voltage values are with respect to pin E (GND). 


electrical connections to plug P1 (see schematic) 









[rin [SSCS RPTION__—C~~C*~*‘“*‘~*S*S~*WdrC#POWER REQUIRED _] 
eee ee a ee 
[38 | Arion Supply SSCSCSC~C~SCS RB OB, BOA ma | 
Ppa Sippy Far Diode Bias Grea’ MINT to 230 V, 2 mwa Tax 
A aR RC aE 
[nae No External Connection ——SSCSCiCCCSCCSCSCSCSCSCS*S 


TThe minimum required value of diode-bias-circult supply voltage is supplied with other data for each individual module. 









operating characteristics at 25°C case temperature, RL = 50 2, M = 125 (unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN) MAX | 














sa f=3kHz, A= 0.9 um 
Module Responsivity, Rry 

aa ey CY eee RT I 

Noise Equivalent Power, NEP (Se2 Note 2) 
Pa 106um HS 
APD Gain Variation over Operating Temperature Range, AM/M Tc = —40°C to 60°C | £1806] 
‘Module Demodulation Bandwidth (38), Byy3 ee ae 
Amplifier Output Impedance, zo f = 20 kHz L100 | 


Va 
NOTE 2: NEP =———=—, where Vp = broadband output noise voltage and Af = Bp, 77/2. 
RmvVAt " 4 ou 


SFor this module, the bandwidth extends from dc to the upper cutoff frequency. 
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TYPE TIED452 
SILICON AVALANCHE-PHOTODIODE FIBER-OPTIC RECEIVER MODULE 





module schematic 
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TYPE TIED452 
SILICON AVALANCHE-PHOTODIODE FIBER-OPTIC RECEIVER MODULE 





operational block diagram 


VOLTAGE SUPPLY FOR 
DIODE-BIAS CIRCUIT 
220 V NOM TIED452 


AMPLIFIER POWER 
SUPPLY 
8.5 + 0.5 V, 20 mA MAX 
















M>DDOS 


OUTPUT 

SIGNAL = INTENSITY 
(Must be capacitively | a mes @— MODULATED 
coupled if load LIGHT 
resistance is less = 

than 1.5 kilohms, to SYSTEM FIBER-OPTIC 

prevent upset of the GROUND BUNDLE 


amplifier bias.) 





TYPICAL CHARACTERISTICS 


NORMALIZED QUANTUM EFFICIENCY 
vs 


WAVELENGTH 


Normalized Quantum Efficiency 





0.5 0.6 0.7 0.8 0.9 1.0 1.1 
A—Wavelength-um 
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SERIES TXED453 
FIBER-OPTIC SILICON DETECTOR ASSEMBLY 


BULLETIN NO. DL-S 12604, APRIL 1978 





DETECTOR ASSEMBLY DESIGNED FOR FIBER-OPTIC APPLICATIONS 


e High-Resistivity Silicon Photodiode 
e Integral Du Pont Company PFX-PIR140 Plastic Fiber-Optic Cable* 
e AMP Incorporated Standard Fiber-Optic Cable Connectort 


e Compatible With Texas Instruments TXES475 and TXES476 Source 
Assemblies, and TXEF402 Cable Assembly 


eo Low Capacitance...2 pF Typ at VR =12 V 
oe Dark Current...2nA Typ at VR =25V 


description 


Series TXED453 fiber-optic detector assemblies each consist of an optical detector, an integral fiber-optic cable, and a 
connector termination. The optical detector is a high-performance silicon photodiode designed to operate in a 
reverse-bias mode. High-resistivity silicon is used to provide good responsivity at 0.79 micrometers, and low capacitance 
at low voltage. The detector has a guard-ring structure to minimize active-area dark current and to provide excellent 
low-noise characteristics. The integra! fiber-optic cable is Du Pont Company type PFX-PIR140* infrared-transmitting 
plastic fiber-optic cable. It has a maximum attenuation of 350 decibels per kilometer at 0.79 micrometers and has a 
calculated material numerical aperture of 0.53. The core diameter of 0.37 millimeters for the single plastic optical fiber 
is also suitable for coupling to various commercially available 7- and 19-strand glass fiber bundles. The input end of the 
integra! fiber-optic cable is terminated in an AMP Incorporated type 1-530530-01t standard fiber-optic cable connector. 
Acompatible bulkhead-mount feed-through connector (type 530570-11) is also supplied. 


mechanical data 


The photodiode is in an epoxy-filled case similar to, but slightly shorter than, JEDEC TO-5 outline. The fiber-optic 
cable has an outer jacket diameter of 1.9 millimeters, and optical fiber cladding and core diameters of 0.40 millimeters 
and 0.37 millimeters, respectively. Various integral fiber-optic cable lengths are available. The part number for the 
fiber-optic detector assembly is designated by the basic type number followed by C and three digits corresponding to 
the length in centimeters. For example, TXED453C025 has an integral fiber-optic cable that is 25 centimeters long. 


THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE 


0.200 (5,08) NOM: 


0.095 (2,41) NOM-a 0.120 (3,05) 


UARD RING CATHODE G 0.335 (8.51) NOM DIA 
77s Bay ts LEROS 0.305 (7,74) 0,370 (9,60) 04, 
0.045 (1,15) 


0.019 (0,483) foassesn 
: DIA DIA 1.335 (8,51 
0.016 (0,406) e oe 
0.029 (0,73) 


ST | oz5c3.te) 0.075 (1,91) 
" i 0.009 (0,23) DIA NOM 

0.5 (12,7 0.220 (5,59) 0.3125-32 UNEF-2A 

MIN ANSI STD THREAD 


0.750 (19,05) 
NOM 


0.200 (5,08) 
1—PHOTODIODE CATHODE K ‘ FORMERLY 


BASE SEAT 
5/16-32 NEF-2A 


ASSEMBLY LENGTH NOM 0.480 (12,19) 
, NOM 





ALL LINEAR OIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 





“A product of E. |. du Pont de Nemours and Company, Wilmington, Delaware 19898 
ta product of AMP Incorporated, Harrisburg, Pennsylvania 17105 
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SERIES TXED453 
FIBER-OPTIC SILICON DETECTOR ASSEMBLY 





absolute maximum ratings 


Continuous Power Dissipation at (or below) 25°C Case Temperature (See Note 1) woe ee ee ew ew we 100 mW 
Operating Case Temperature Range Bh ee as Be 888. we QT SS aGh Meek Baw thie de fos Re eee DOO OTTO 
Storage Temperature Range. ww kk ee ee ee ee ee 620°C to 70°C 
Lead Temperature 1/16 Inch (1,6 mm) From Case for 5 Seconds .... 2... ee ee ee ee ee « 230°C 


operating characteristics at 25°C case temperature 
aeanee be TEST CONDITIONS |_TXED453C025 | TxED453c050 | TXED453C100 | 
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX 
IR =100uA, Eg=0, 
v Breakdown Volt Vv 
(At oe ai ore See Note 2 | so 100 | so 10 =| so 100 |v | 


VR=25V, E,.=0, 

Ip Photodiode Dark Current R £ 2 10 2 10 2 10} nA 
See Note 3 
VR=12V, f=1 MHz, 

Cr Total Capacitance R 2 3 2 3 
E,=0 
VR= ’ 







Re(d) Detector Radiant Responsivity| VR =12V, A=0.79 um eee ee eee AIW 


Detector Assembt 
Ailes ee es VR=12V, See Note4 | 0.25 0.30 0.23 0.28 
Radiant Responsivity 


VR=12V | so 
ty Rise Timet See Figure 1 


tThe fall time is approximately equal to the rise time. 
NOTES: 1. Derate linearly to 55 mW at 70°C at the rate of 1 mW/°C. 

2. Breakdown voltage is measured with the photodiode and guard-ring cathodes connected together. Irradiance (E.) is the radiant 
power per unit area incident on the surface. 

3. Dark current of the photodiode is measured in a circuit similar to that used for the switching time measurements (Figure 1). A 
current meter replaces the TIEF150 and measures the dark current of the photodiode cathode with the guard-ring cathode at 
ground. The current meter should not drop more than 1 mV at the rated current. 

4. This measurement is made with the optica! input of the detector assembly attached to the optical output of a TXES476C025 
fiber-optic GaAlAs source assembly with peak emission wavelength of 0.79 um. The detector assembly radiant responsivity Rela) 
is defined as the detector current output divided by Pg, which is the source assembly radiant power output, This parameter 
includes the connector coupling loss. 
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SERIES TXED453 
FIBER-OPTIC SILICON DETECTOR ASSEMBLY 





PARAMETER MEASUREMENT INFORMATION 






VA(-) 
A.... Anode 
PULSE A G.... Guard Ring Cathode 
K.... Photodiode Cathode 


GENERATOR 





INPUT 9_f | 


(See Note a) 





t 


0.1 uF poop Y 


tr 
ry ‘ 
90% 90% 
OUTPUT 
TIEF 150 Gao) 10% 10% 
TEST CIRCUIT 7 (See Note b) 
WAVEFORMS 





NOTES: a. Input irradiance is supplied by a pulsed GaAlAs infrared emitting diode with the following operating characteristics: Ap = 0.79 um, 
tw © 200 ns, ty < 25 ns, Incident irradiation Is adjusted for a detector output current of approximately 10 BA. 
b. The output waveform is monitored on a cathode ray oscilloscope with the following characteristics: Zj,, = 50 2, ty < 2.5 ns. The 
measured risetime is corrected for the risetime of the optical source. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


DARK CURRENT, PHOTODIODE 
AND GUARD RING 


vs 
REVERSE VOLTAGE 


Ip—Dark Current, Photodiode—nA 
Ip—Drak Current, Guard Ring—pA 





Va—Reverse Voltage—V 


— Ee 
TOTAL CAPACITANCE DETECTOR RADIANT RESPONSIVITY 











vs vs 
REVERSE VOLTAGE WAVELENGTH 
RES ee 
000 a Bits 
Ty ; Te=268C 
z 
¢ ; 
: 
q i 
8 | Z 
2 5 
e g 
1 “WN & 
SL 
ae) 
lie 2 
1 2 4 7 10 20 40 70100 04 05 06 07 08 09 14 #411 1.2 
Vr—Reverse Voltage—V A—Wavelength—yzm 
FIGURE 3 FIGURE 4 
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TYPES TIEFI50, TIEFIS1, TIEF152 
LOW-NOISE HIGH-SPEED TRANSIMPEDANCE AMPLIFIERS 


BULLETIN NO. DL-S 12193, NOVEMBER 1974—REVISED DECEMBER 1977 





OPTOELECTRONIC INTERFACE CIRCUITS FOR APPLICATIONS SUCH AS 
LASER RANGEFINDERS AND OPTICAL COMMUNICATIONS 


(FORMERLY TIXL150, TIXL151, TIXL152) 


e@ Designed for Current Sources such as Photodiodes and Photomultiplier Tubes 
e Transimpedance Circuit Provides Output Voltage Linearly Proportional to Input Current 
e Typical Frequency Responses from DC to 100 MHz, 50 MHz, and 20 MHz 


e Typical Equivalent Input Noise Current Spectral Densities of 8.5 pA/,/Hz, 4.5 pA/A/Hz, 
and 3 pA//Hz 


o Low Input Impedance for Tolerance of High !nput Capacitance 
e Low Output Impedance for Loads as Small as 50 Ohmst 
e Single Supply of 4 to 6 Volts 


mechanical data 


The device is in a hermetically sealed welded case similar to but shorter than JEDEC TO-12. 


LEAD 3 !S IN ELECTRICAL CONTACT WITH THE CASE 


0.185 (4,70) 0.5 (12,7) 2— OUTPUT 
0.165 (4,19) MIN 3 GNp 
TEMPERATURE 0.200 (5,08) - 
MEASUREMENT PT 4 — INPUT 
0.370 (9,40) 
ery ° 0.045 (1,15) 
0.029 (0,73) 
0.034 (0,864) 


0.335 (8,51) 4 LEADS 7 0.028 (0,711) 
0.019 (0,483) 


0.125 (3,18) 0.016 (0,406) 
0.009 (0,23) 


SEATING 
PLANE 


ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 





absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Supply voltage Vcc. wt. Be Baca? ei ie Me Keke BMS We ict es Ae BV 
Continuous Input Current Panos: TIEF150 ae eR ea Oe ah hes, Bt Se a BE —5mA to2mA 

TIEFTOV: .6 ee ie woe ee ee ee ee ee ew ALQAMA to2]MA 

TIEF1I52 «ww wk ke ee ee ee ee eee 670.5 MA tO 2MA 
External Load Conductance 2 1... ee ee ee ee) 20mmhot 
Operating Free-Air Temperature Banne. Sa fe Bs Lae ts, BSS he es gh btn Secs. , 85-640 195 6 
Storage Temperature Range ... . ar Gt dca, aoe @ ao wow, Son’, SOS Cto60 GC 
Lead Temperature 1/16 Inch from Case fot 10 Seconds Beat NS cian Waph ass Salat ete at Sacre dh ae Cay BO see afer 8 240°C 


tEquivalent input noise current is defined as broadband rms output voltage divided by z¢ and by the square root of noise bandwidth. The 
noise bandwidth is 7/2 times the signal bandwidth measured between the frequencies at which response is down 3 dB with a high-frequency 
rolloff of 6 dB/octave. 

Capacitive coupling is required for load resistances smaller than 1000 ohms to minimize disturbance of the amplifier bias. 
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TYPES TIEF150, TIEFI51, TIEFI52 
LOW-NOISE HIGH-SPEED TRANSIMPEDANCE AMPLIFIERS 





electrical characteristics at 25°C free-air temperature, Vcc = 5.8 V 


TIEF150 TIEF151 TIEF152 
P, E TEST CONDITIONSS 
PRAMETER EONBITIO MIN TYP MAX|MIN TYP MAX|MIN TYP MAX wane 
In___ Equivalent Input Noise Currentt_| Ri = 50 9, See Note 1 ae a a 2 a a 


















zp Forward Transfer !mpedance RL = 502, f = 20 kHz 
[a aput impedence RL=80n, f= 20K] a8 70] 100140 0 
Zo Output Impedance lin = 0, f = 20 kHz 


Maximum RMS Output 
RL = , f= 20kH 


B__ Bandwidth (~3 dB) pRu=soa ___}_g9_109__{ 4980 






(ecometuna Vm Minetee ser 
Vou Guiescent Ousput Voitage | inputopen | __—o8 
ioc Supply Current Finputopen «i i 


tEquivalent input noise current is defined as broadband rms output voltage divided by z¢ and by the square root of noise bandwidth. The 
noise bandwidth Is 7/2 times the signal bandwidth measured between the frequencies at which response is down 3 dB with a high-frequency 
roll-off of 6 dB/octave. 
Sdutput coupting capacitance = 1 WF, Vcc bypass capacitance = 0.01 UF. 
NOTE 1: Equivatent input noise current Is determined using a post-amptifier with response down 3 dB at 10 kHz and 150 MHz. Therefore, the 
overall signal bandwidth is equal to the bandwidth of the device under test. 





schematic 





typical application 


AVALANCHE 
BIAS 

Adjust for desired 
avalanche gain 





Rr 


z, 7502 





VALUE APPROXIMATELY 
EQUAL TO zy 


TYPICAL PERFORMANCE FOR M = 100, A= 0.9 um 
Re = 2.3 X 105 VW 
NEP = 2 X 10-13 w/,\/Hz 
flower = 3 kHz 
fupper = 50 MHz 


Resistor values shown are nominal 
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SERIES TXEF402 
FIBER-OPTIC CABLE ASSEMBLY 


BULLETIN NO. DL-S 12603, APRIL 1978 





CABLE ASSEMBLY DESIGNED FOR FIBER-OPTIC APPLICATIONS 


e Cable Lengths Available from 1 Meter to 50 Meters 

e Maximum Attenuation of 350 dB/km at 0.79 nm 

e Du Pont Company PFX-PIR140 Plastic Fiber-Optic Cable* 
e AMP Incorporated Standard Fiber-Optic Cable Connectort 


e Compatible With Texas Instruments TXES475 and TXES476 Source 
Assemblies, and TXED453 Detector Assembly 


description 


Series TXEF402 fiber-optic cable assemblies each consist of a fiber-optic cable and a connector termination on each 
end. The cable is Du Pont Company PFX-PIR140* infrared-transmitting plastic fiber-optic cable. It has a maximum 
attenuation of 350 decibels per kilometer at 0.79 micrometers and has a calculated material numerica! aperture of 0.53. 
The effective attenuation increases slightly for optical sources with a broad emission spectral bandwidth. Each end of 
the cable is terminated in an AMP Incorporated type 1-530530-0t standard fiber-optic connector. A compatible 
bulkhead-mount feed-through connector (type 530570-1 1) is also supplied for one end. 


mechanical data 


The fiber-optic cable has an outer jacket diameter of 1.9 millimeters, and optical fiber cladding and core diameters of 
0.40 millimeters and 0.37 millimeters, respectively. Fiber-optic cables are available in 1- to 50-meter lengths. The part 
number for the fiber-optic cable assembly is designated by the basic series type followed by M and three digits 
corresponding to the length in meters. For example, TXEF402M020 has a length of 20 meters. 


0.200 (5,08) 
0.120 (3,05) 
0.3125-32 UNEF-2B 0.096 (2,41) 1a 
0.441 (11,20) ANS! STD THREAD 
FORMERLY 
8/16-32 NEF.2B 0.075 (1.91) 
DIA 


0.3125-32 UNEF-2A) 
ANSI STD THREA! 
FORMERLY 
5/16-32 NEF-2A 


0.016 (0,40) 
FIBER DIA 


0.480 (12,19) 





ALL DIMENSIONS ARE NOMINAL AND ARE SHOWN IN INCHES AND PARENTHETICALLY IN MILLIMETERS. 





absolute maximum ratings 


Temperature Range . 2. 2 1. ee ee ee ee ee ee we 20°C to 70°C 


“A product of E, !. du Pont de Nemours and Company, Wilmington, Delaware 19898 
tA product of AMP Incorporated, Harrisburg, Pennsylvania 17105 
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SERIES TXEF402 
FIBER-OPTIC CABLE ASSEMBLY 





optical characteristics at 25°C 


PARAMETER TEST CONDITIONS TYPE 


TXEF402M001 

TXEF402M003 

TxEF¢o2M006 | 0203 
Cable Resemnely Ap = 0.79 um, TXEF402M010 [O12 02 | 
ee See Figure 1 


TXEF402M050 | 0.003 0.005 


NOTE 1: The cable assembly transmittance ratio is defined as T = !5/14, where I2 is the detector current output for a complete fiber-optic data 
link that Includes the cable assembly, and 14 is the detector current output for the same fiber-optic data link not Including the cable 
assembly. This parameter includes the connector coupling loss, which is typically 4dB and corresponds to 40% radiant power 
transmittance. 








PARAMETER MEASUREMENT INFORMATION 


SS DETECTOR CURRENT = 1, 
TXES476C025 TEXD453C025 


SOURCE DETECTOR 
ASSEMBLY ASSEMBLY 
(See Note a) 
eee DETECTOR CURRENT = Ip 
TXES476CO25 SERIES TXEF402 TXED453C025 
SOURCE CABLE ASSEMBLY DETECTOR 
ASSEMBLY (See Note b) ASSEMBLY 


(See Note a) 


NOTES: a. Forward current (If) for the source assembly should be constant at 50 mA. 
b. Mating connectors for the assemblies under test should be completely connected. 

'2 
Cable assembly transmittance = 7 = ae 
1 

'2 

Cable assembly insertion loss in decibels = 10 fogs 

1 


FIGURE 1—CABLE ASSEMBLY TRANSMITTANCE TEST 





CHARACTERISTICS AT 25°C 


MAXIMUM CABLE ATTENUATION PER KILOMETER 
vs 
WAVELENGTH 


Maximum Attenuation Per Kilometer—dB/km 





0.6 0.7 0.8 0.9 
A-—Wavelength—p~m 
FIGURE 2 


NOTE 2: Data courtesy of E. t. du Pont de Nemours and Company. Measurements are made with a monochromator. 
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TYPE TIESO6. 
GALLIUM ARSENIDE INFRARED-EMITTING DIODE 





BULLETIN NO. DL-S 9723, FEBRUARY 1967~REVISED DECEMBER 1977 


DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED 
(FORMERLY TIXLO6) 


e Spectrally Matched to Silicon Sensors... Peak Emission at 0.91 nm 
e Circular, Consistent-Size, Flat Emitting Areas .. . 7.5 Mils Diameter 


e Recommended for Precision Optical Alignment, 
Communication, and Photographic Film Annotation 


e Stud-Mounted Package for Convenient Mounting and 
Heat-Sinking 
mechanical data 


This device is in a hermetically sealed package with a flat glass window in the top of the case. The cathode is in electrical 
contact with the case and adjacent solder lug. The anode is in electrical contact with the stud, which is insulated from 
the case by a glass-to-metal seal. 


0.370 10,40) pig. 
0.360 (6,89) 


0.1678 14,7) 0.316 (8,00) 0.360 19.16) 0.320 (8.38) oi, 
ai asi) 0.286 (7,24) sad (er 0.320 (8,13) 


208 (897 
e267 
OA 


0.440 (19,18) xe 28) 
Gato (i041) “eimai heen soon 
ANSI BTO THR’ 0.196 (4,96) 


Tt EAD 
FORMERLY 632 NC-2A 


SEATING PLANE 
teeta " Siesta) rae coos walt 0.013 (0,330) 
0.008 (0,203) 
NOTES: a. Torque between stud and can or lug must be avoided. Flats are provided on the stud for 
tightening to heat sink. 
b. The orientation of the lug in relation to the stud flats is not controlled. 
c. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 





absolute maximum ratings 


Reverse Voltage at 25°C Stud Temperature. 1 ww we ee ee ee ee AV 
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1) ........ 2... SO0mA 
Storage Temperature Range. ww wk ke eee ee ee ee 85°C to 125°C 
Solder Lug Temperature for 10Seconds (See Note2) ..... 2. 2 ee ee ee ee ee ee es 240°C 


operating characteristics at 25°C stud temperature 


MIN TYP_MAX 
AA i Ig = 500 mA 

. ; \ 

itl 








Spectral Bandwidth 
8 44) Half-tntensity Beam Angle 
Vv Static Forward Voltage 





1.7 2.3 


UNIT 
mW | 
[wen | 
bes) 


NOTES: 1. Derate linearly to 125°C stud temperature at the rate of 5 mA/*c. 
2. Soldered connections should not be made directly to the stud because of the low-thermal-resistance path between the stud 
and emitting element. 
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TYPE TIESOG 


GALLIUM ARSENIDE INFRARED-EMITTING DIODE 





RELATIVE SPECTRAL CHARACTERISTICS 
0 


lp = 500 mA 
25°C 


Io = 


Eis 


Relative Photon Intensity 


ae 


yh 
Les 





TYPICAL CHARACTERISTICS 


RELATIVE PHOTON INTENSITY 


vs 
ANGULAR DISPLACEMENT 


Relative Photon Intensity 





0.88 0.90 0.92 0.94 0.96 0.98 80° 40° 0 40° 80° 
A — Wavelength — pm 6 — Angular Displacement 
FIGURE 1 FIGURE 2 


RELATIVE PHOTON INTENSITY 


vs 
CASE TEMPERATURE 


= 25°C 


ae 
i 
mw 
ee 


NJ 


XE 
nN 
Ee ee 
FEE 


iS 


Photon Intensity Relative to Value at Te 


FIGURE 3 


vs 
FORWARD CURRENT 





Relative Photon Intensity 


600 


200 
tp — Forward Current —mA 


FIGURE 5 


400 


Ett | fe = content] | 
cn ee 
es ee 
oa 
Xt 





0.4 
-75 -50 -25 0 25 50 75 100 125 150 
Te — Case Temperature — °C 





CHANGE IN WAVELENGTH OF PEAK INTENSITY 


vs 
' CASE TEMPERATURE 





4d, — Wavelength Change From Value at Te = 25°C —A 


-75 -50 -25 0 25 50 75 100 125 
Te — Case Temperature — °C 
FIGURE 4 


RELATIVE PHOTON INTENSITY 


FORWARD CONDUCTION CHARACTERISTICS 
1.0 





< 
| 
5 
§ 
U 
| 
800 0 0.5 1.0 1.5 2.0 2.5 
Ve — Forward Voltage — V 
FIGURE 6 
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TYPES TIES12, TIES13, TIESI3A, TIES14, TIES15. 
GALLIUM ARSENIDE INFRARED-EMITTING DIODES 


BULLETIN NO. OL-S 11177, MARCH 1969—REVISED DECEMBER 1977 





DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED 
(FORMERLY TIXL12, TiXL13, TIXL14, TIXL15) 


e High Output... 60 mW Min at 25°C for the TIES14 
e High Output Efficiency ... 10% Min at 25°C for the TIES12 


@ Hemispherically Shaped Chips with Diameters of 36 Mils for the TIES12, 
TIES13, and TIES13A, 72 Mils for the TIES14 and TIES15 


e Spectrally Matched to Silicon Sensors . . . Peak Emission at 0.93 um 


e Stud-Mounted Package for Convenient Mounting and Heat Sinking 
mechanical data 


The devices are in hermetically sealed packages with a flat glass window in the top of the case. The cathode is in 
electrical contact with the case and adjacent solder lug. The anode is in electrical contact with the stud, which is 
insulated from the case by a glass-to-metal seal. Soldered connections should not be made directly to the stud because 
of the low-thermal-resistance path between the stud and emitting element. 


0.370 19,40) 
0.360 (8,89) ha) 


0.1976 (4,77) 


ston ( (A) a 
as ye 


wi 
Oaig 10.41) 0.198-32 NC-2A ot os) ola 
ANSI STD THREAD 0.195 (4,96) an 
FORMERLY 6-32 NC-2A 0.175 (¢,44) 


SEATING PLANE 


0.100 (2,54} R. 0.108 (2,67) DIA 
0.080 (2,03) 0,096 (2,41) 


128 (3, 
0.096 (2,41) 0.013 10,330) 
0.008 (0,203) 


NOTES: a. Torque between stud and can or lug must be avoided, Flats are provided on the stud for tightening 
to heat sink. 
b. The orientation of the lug in relation to the stud flats is not cantrolled. 
c. All dimensions are in inches and parenthetically in millimeters, inch dimensions govern. 





absolute maximum ratings TIES12 


TIES13 §=6TIES14 
TIES13A TIES15 





Reverse Voltage at 25°C Stud Temperature... . 2... 1 et ee ee ee ee ee 2vV 2V 

Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1) 2 ee ew es 800OMA 1A 

Storage Temperature Range . 2. 2... ee ee ee ee ee ee ee ee ee eee) ~6=-55°C to 100°C 

Solder Lug Temperature for 10Seconds . 2... 1 ee ee ee ee 240°C — 
operating characteristics at 25°C stud temperature 


PARAMETER TEST CONDITIONS TYPE MIN TYP MAX UNIT 
Te eae ee 
Test, qe 
mesieend resign [3085 dm 
m 
E A: 
h gies car TIES14 60 75 
F SC 




























Po Radiant Power Output 














Wavelength at Peak Emission 
Spectral Bandwidth 


AA i 
Onn Half-Intensity Beam Angle 
Ve Static Forward Voltage 


NOTE 1: Derate linearly to 100°C stud temperature at the rate of 4 mA/C for the TIES12, TIES13, and TIES13A, 13.3 mA/C for the 
TIES14 and TIES15, 


TIES14 and 
TIES15: 
Ip=iA 









TEXAS INSTRUMENTS 361 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES TIESIGA, TIESIGB, TIESI6C 
GALLIUM ARSENIDE INFRARED-EMITTING DIODES — 


BULLETIN NO. DL-S 12208, NOVEMBER 1974—REVISED DECEMBER 1977 





DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED 
(FORMERLY TIXL16A, TIXL16B, TIXL16C) 


e High Output Power... 100 to 350 mW Min at 25°C 

e Hemispherically Shaped 72-Mil-Diameter Chip 

e Stud Mounting for Convenient Heat Sinking 

e Open Construction to Allow Flexibility in Optical Design 


mechanical data 


These diodes are mounted on copper stud headers to provide efficient heat sinking. The anodes are in electrical contact 
with the copper stud. The cathode leads are varnished 0.01-inch copper wires secured to the studs by metalized 
ceramic insulators. Soldered connections should not be made directly to the stud because of the low-thermal-resistance 
path to the emitting element. 


0,105 (2,87) 
0.376 (9,53) 0.095 (2,41) 
0,366 (9,27) 0.049 (1,245) 

0.045 (1,143) 


! 0.138-32 NC-2A 
0.073 (1,864) ANSI STD THREAD 
0.506 (12,63) Serie FORMERLY 


0.495 (12,57) DIA 632 NC-2A 
GaAs DOME . a 


0.122 (3,099) 
CERAMIC aa 0.335 (3,43) 
INSULATOR 0.116 (2,92) 
0.012 (0,305) 
0.008 (0,203) O'A 
CATHODE LEAD 


ALL DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN, 





absolute maximum ratings 


TIESI6A 

Tiesies TESTEC 
Reverse Voltage at 25°C Stud Temperature . 2... 1. ee ee ee 2V 2V 
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1) Be ah og Cais 2A 3A 
Storage Temperature Range... 1 1 ww ee ete ee et ee te ee he —55°C to 100°C 
Lead Temperature % Inch from Ceramic Insulator for 5Seconds ......4...+468-. +— 230°C —e 





operating characteristics at 25°C stud temperature 


1ES16 | TIES16C__ 
PARAMETER TEST CONDITIONS THESTSE THESTSC UNIT 
MIN TYP _MAX| MIN TYP MAX 


Po Radiant Power Output 


Ap Wavelength at Peak Emission tp = 2A for TIESI6A 
Ad Spectral Bandwidth and TIES16B8, 


641 Half-intensity Beam Angle 3 A for TIES16C 
Ve_ Static Forward Voltage 


NOTE: 1, Derate linearly to 100°C stud temperature at the rate of 26.7 mAS C for TIES16A and TIES16B, 40 mA/C for TIES16C. 
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TYPE TIES27 
GALLIUM ARSENIDE INFRARED-EMITTING DIODE 


BULLETIN NO. DL-S 11566, SEPTEMBER 1971—REVISED DECEMBER 1977 


DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED 
(FORMERLY TIXL27) _ 


e High Output Power... 15 mW Min at 25°C 
e Spectrally Matched to Silicon Sensors .. .Peak Emission at 0.93 um 
e Stud Mounting for Convenient Heat Sinking 


e Recommended for Precision Optical Alignment, Industrial 
Controls, and Optical Communications 


mechanical data 


The device is encapsulated and mounted on a stud header. The cathode is in electrical contact with the solder lug. 
The anode is in electrical contact with the stud, which is insulated from the case by a glass-to-meta! seal. Soldered 


connections should not be made directly to the stud because of the low-thermal-resistance path between stud and 
emitting element. 


0.316 (8,00) 
ne 0.370 (9,40) 
0.1875 (4,77) 0. 0.350 (8,89) 
0.9775 (4,51) 


0.236 (8,97) 0.302 (7,671 
02261671) TIT 


0.640 (11.18) 9438.32 Ac-2A 
ANSI STD THREAD 


FORMERLY 6-32 NC-2A CLEAR PLASTIC LENS 


SEATING PLANE 
0.125 (3,18) 
eae a oA 0.096 (2,41) |. sors {0,330) 
‘81008 (0,203} 


NOTES: a. The orientation of the lug in relation to the stud flats is not controlled. 


b. Torque between stud and Jug must be avoided. Flats are provided on the stud for tightening 
to heat sink. 


c. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 





absolute maximum ratings 


Reverse Voltage at 25°C Stud Temperature 


Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1) .......... . 300mA 
Storage Temperature Range bees Ske ak eo en ah dee Oe tt AR ee oa 1 OG 
Solder Lug Temperature for 10Seconds . . . . 2. 1 ee ee ee ee ee eee ee ee oe . 240°C 


operating characteristics at 25°C stud temperature 











Po Radiant Power Output 


Ap Wavelength at Peak Emission 
AA Spectral Bandwidth 
Ou Half-Intensity Beam Angle 


Ve Static Forward Voltage 


NOTE 1: Derate linearly to 70°C stud temperature at the rate of 6.7 mA/°C. 
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TYPE TIES27 
GALLIUM ARSENIDE INFRARED-EMITTING DIODE 


TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 
2 


1, 
T stud ™ 25°C 
(F = 300mA 


Ee LaNRaED 
LATENT 


0.92 0.96 
A-Wavelength-zm 


Relative Photon Intensity 
Relative Power Output 





0 
0.84 860.88 1.0 1.4 


FIGURE 1. 


RELATIVE POWER OUTPUT 


vs 
FORWARD CURRENT 


Relative Power Output 





\¢—Forwerd Current—mA 


FIGURE 3 
CHANGE IN WAVELENGTH OF PEAK INTENSITY 
vs 
J 0 y STUD TEMPERATURE 
3 300 
& 
i] 
3 200 
Ag 
c t 
3 300 * 
$ : 
§ 3 
€ Qo } 
5 ~400 T 
£ vs 
i ~200 
= 
é 
: -300 
0 26 60 75 


Tstug—Stud Tempersture—°C 


FIGURE 4 
NOTE 2: These curves nave been normalized to the output at Ip = 300 mA, Tstuq™ 25°C. 


RELATIVE POWER OUTPUT 


vs 
STUO TEMPERATURE 





0. 
-10 0 10 20 30 40 50 60 70 80 90 


T stud—Stud Tempersture—"C 


FIGURE 2 


FORWARD CONOUCTION CHARACTERISTICS 





Ve—Forward Voitage—V 


FIGURE 5 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


364 


TYPE TIES35 
GALLIUM ARSENIDE INFRARED-EMITTING DIODE 


BULLETIN NO. DL-S 12211, NOVEMBER 1974—REVISED DECEMBER 1977 





DESIGNED TO EMIT NEAR INFRARED RADIANT ENERGY WHEN FORWARD BIASED 
(FORMERLY T!IXL35) 


e High Speed, High Efficiency 
e Hemispherically Shaped 18-Mil-Diameter Chip 


e Stud Mounting for Convenient Heat Sinking 
mechanical data 


The cathode is in electrical contact with the case and adjacent solder lug. The anode is in electrical contact with the 
stud, which is insulated from the case by a glass-to-metal seal. Soldered connections should not be made directly to the 


stud because of the low-thermal-resistance path between the stud and emitting element. The window can is not sealed to 
the header. 


0.370 (9,40) 
3360 18.89) 

0.315 (8,00) 0.360 (9,16) 0.305 (7.75) 

0.285 (7,24) 5310 FEN 

0.236 (5,97) 

0.216 (6,46) 


0.1875 (4,77) 
0.1775 (4,51) 


0,236 (5,97) 
0.225 (5,71) 0.320 (8,13) 
DIA DIA 


0.440 (11,18) 0.018 (0,46) DIA 


Sa aoal DOME EMITTER 
0.410 (10,47) aiie se neoA 
‘ANS! STD THREAD 
FORMERLY 6-32 NC-2A WINDOW CAN 


9310785} pia 


WINDOW 


CATHODE 
SEATING PLANE 


0,100 {2,54} 0.105 {2,67} 0,126 (3,18) 
0.080 (2,03) 0.095 (2,41) 0.095 (2,41) 0,613 (0,330) 


0.008 (0,203) 


NOTES: a. Torque between stud and can or Jug must be avoided. Flats are provided on the stud for tightening 
to heat sink. 


b. The orientation of the lug in relation to the stud flats is not controlled. 
c. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 





absolute maximum ratings 


Reverse Voltage at 25°C Stud Temperature Wh ail «AME ant de Ae wig che Tee fhe bens AS ey MS 2V 
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note1) .......2. .. . 200mA 
Storage Temperature Range. 1. ww ee eee ee ee ee ee) 6 85°S to 100°C 
Solder Lug Temperature for 10Seconds . . 2 1. . ee ee ee ee ee ee 240°C 


oc e @« 2 






operating characteristics at 25°C.stud temperature (without window can in place) 










ax Spectral Senawidth id r= 50 ma 


t Radiant Pulse Rise Timet 
[te _RadantPute Rise Timet MSO 


TRadiant pulse rise time is the time required for a change in ‘ac 
current, 






:{ power output from 10% to 90% of its peak value for a step change in 


NOTE 1: Derate linearly to 50 mA at 100°C stud temperature at the rate of 2.0 mA/C. 
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TYPE TIES36 
GALLIUM ARSENIDE INFRARED-EMITTING DIODE 


BULLETIN NO. DL-S 12212, NOVEMBER 1974—REVISED DECEMBER 1977 








DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED 
(FORMERLY TIXL36) 
e Hemispherically Shaped 18-Mil-Diameter Chip 
e Built-In Reflector 





e Fast Rise Time, High Efficiency 


mechanical data 


The reflector cavity is filled with clear epoxy. 


MOLYBDENUM (ANODE) KOVAR (CATHODE) 


0.102 (2,591) 0.125 (3,18) 0.090 (2,29) 


0.096 (2.438) 0.115 (2,92) 0.080 (2,03) 
DI DIA DIA 


zt Lee 


0.022 (0,56) 0.010 (0,26) MAX 4 TIMES 


ACTUAL SIZE 
0.078 (1,98) 
0.065 (1,65) 
0.145 (3,69) 
0.130 (3,30) 


ALL DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 





absolute maximum ratings 


Reverse Voltage at 25 C Case Temperature Ss ae aw ees, ae Fes. ahaa gat Sa Re panel é . 2V 
Continuous Forward Current at (or below) 25°C Case Temperature (See Note 1) .......... . 150mA 
Storage Temperature Range «wg ww wk ee ee ee ee ee ew ee eee) 68K to 90°C 
Soldering Temperature for 10 Seconds ... 1... ee ee ee ee ee ee ee ee eee) 240°C 


operating characteristics at 25°C case temperature ; 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
Po Radiant Power Output 
Ap Wavelength at Peak Emission } um | 
(3) 














a 


AX Spectral Bandwidth Ip =50mA 300. 


ty Radiant Pulse Rise Timet 





lem =50mA, ty = 100ns, 
f = 100 kHz 






T Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in 
current. 
NOTE 1: Derate linearly to GO mA at 70°C case temperature at the rate of 2 mALC. 
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TYPE TXES37 
GALLIUM ARSENIDE INFRARED-EMITTING DIODE 


BULLETIN NO. DL-S 12608, MARCH 1978 





DESIGNED TO EMIT NEAR-INFRARED 
RADIATION WHEN FORWARD BIASED 


e High Output Power ...50 mW Min at 25°C 
e Spectrally Matched to Silicon Sensors 
e Convenient Heat Sinking, Low Thermal Impedance 


e Recommended for Precision Optical Alignment, Industrial 
Controls, and Optical Communications 


mechanical data 


The device is encapsulated and mounted on a kKovar heat sink. The cathode connection is the lead wire. The anode is in 
electrical contact with the heat sink. Soldered connections should not be made directly to the heat sink because of the 
low-thermal-resistance path between it and the GaAs emitting chip. 


0.380 (9,65) 0.086 (2.16) 
0.370 (9,40) 0.075 11.90) 
0,130 (3,30) | _ 0.065 (1,65) 
FLAT GaAs — 91120 13,05) OM 2 HOLES 0.055 (1,39) 
EMITTING CHIP 
0.050 x 0.050 
00,27 X1.27) 


0.286 (7,27) 


0.276 (7,01) CATHODE LEAD 


32 AWG (? STRANDS, 40 GUAGE) 
0.310 (7.88) BLACK TEFLON INSULATION (THIN WALL} 
0.25 (6.36) NOM 
_ BARE 
0.192 (4,877) Y 
0.183 (4,648) NL 0.20315,156) 
BOTH SIDES 0.197 (5,004) 
OIA 0.767 (19,48) 
0757 (19,23) 


0.106 (2,67) . 
0.096 {2,41} 
BOTH ENDS 


ALL DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS, 
INCH DIMENSIONS GOVERN 





absolute maximum 


Reverse Voltage at 25°C Case Temperature teks oe Sed Nasae te RD ks, dh AS See Sa iy a ee a eee vee Se REV 
Continuous Forward Current at (or below) 25°C Case Temperature (See Note?) . . .......2.2-29A 
Operating Case Temperature Range. ww we ee ee ee ee OPC tO 70°C 
Storage Temperature Range. ww we ee ee ee ee ee ee OPC tO 90°C 
Cathode Lead Temperature 1/2 Inch (12.7 mm) from Case for 10Seconds. . . ........ s+. . 240°C 


operating characteristics at 25°C case temperature 













NOTE 1: Derate linearly to 70°C case temperature at the rate of 22.2 ma/°c. 
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TYPE TXES37 
GALLIUM ARSENIDE INFRARED-EMITTING DIODE 


CHARACTERISTICS 


POWER OUTPUT 
vs 
FORWARD CURRENT TYPICAL RELATIVE SPECTRAL CHARACTERISTICS 


4.2 
rowers dh fl 


pata 
See Note 2 ame nme 10 teveel | | | | | | 
oleae Pie etl 


| [recat | ttt 

Pt TA ed | td 
LA rmniwum | | 

24g Rhee 


| vi | | tt 
52a SG ei 


0 02 04 06 08 1.0 1.2 1.4 1.6 1.6 2.0 0.84 0.88 0.92 0.96 1.00 1.04 
{¢—-Forward Current—A 0.86 0.90 0.94 0.98 1,02 


A—Wavelength—um 


8 





8 






$a8 


> 
o 


oS 
Relative Photon Intensity 
o 
a 
a 
ae 
fal 
aa 
a 
| 
mm 
eS 
|| 


Po—Power Output—mW 
a 
°o 


8 


FIGURE 1 FIGURE 2 


TYPICAL CHANGE IN WAVELENGTH OF PEAK INTENSITY 


vs 
CASE TEMPERATURE 


3. 8 


8 


AAp—Wavelength Change from Value at Tc * 25°C-A 


0 25 50 75 
Tco—Case Temperature—"°C 





FIGURE 3 
TYPICAL RELATIVE PHOTON INTENSITY 
vs 
ANGULAR DISPLACEMENT TYPICAL FORWARD CONDUCTION CHARACTERISTICS 
2.0 

zg < 
é iW 
£ E 1. 

3 
2 es 
& | 0. 
@ u 
e = 

10 1.1 1.2 13 14 16 1.6 1.7 18 1.9 2.0 
6—Angular Displacement Ve—Forward Voltage—V 
FIGURE 4 FIGURE 5 


NOTE 2: Pulse operation is required at current levels indicated by dashed lines. 
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TYPE TIES471 
GALLIUM ARSENIDE INFRARED-EMITTING DIODE 


BULLETIN NO. DL-S 12144, JULY 1974-—REVISED DECEMBER 1977 





DESIGNED FOR FIBER-OPTIC APPLICATIONS 
(FORMERLY TIXL471) 


e Hemispherically Shaped 18-Mil Diameter Chip 
e Peak Emission at 0.91 um 
e Typical Rise Time of 15 ns 


description 


The TIES471 is a high-speed infrared-emitting diode intended for use with fiber-optic bundles. Typical radiant power 
coupled through fiber-optic bundles is sufficient signal for compatible silicon avalanche photodiodes such as the 
TIED451. 


mechanical data 


The gallium arsenide hemispherically shaped chip is mounted in the threaded connector and is encapsulated in epoxy to 
provide a flat, clear window at the top of the case. The index of refraction of the window is 1.49. The surface of the 
active area is nominally 0.020 inch below the front surface of the epoxy. The package can be panel mounted with the 
set of hex nuts supplied with the device. 


THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE 


0.765 (49,43) 
0.735 (18,67) 
0.053 (1,346) 


0.200 (5,080) 4 0.050 (1,270) 


0.197 (5,004) 


WINDOW 
0.168 (4,27) NOM MAX 
DIA 


TBLACK-CATHODE 
TWO LEADS, 26 GAUGE 
0.005 (0,127) 


1 AUGE 
M10 X 1.00—6G6G METRIC THREAD pili tas eee 
PITCH DIA 10.000/9.824 mm 
{APPROX 0.394 INCH MAX) 


ALL DIMENSIONS ARE IN INCHES (EXCEPT METRIC THREAD) AND PARENTHETICALLY IN MILLIMETERS. 
INCH DIMENSIONS GOVERN EXCEPT ON METRIC THREAD. 





absolute maximum ratings 


Reverse Voltage at 25° C Case Temperature Ss seh ss So a Boe es ak ay. 
Peak Forward Current at (or below) 25° C Case Temperature (See Note 1) ose OE Sowa os oe Seu BOOMA 
Continuous Forward Current at (or below) 25°C Case Temperature (See Note2) .......2... =. 150mA 
Storage Temperature Range .. . ed ote can ey tae Oe! Ge SA BS Sn Be ne ee TOC 10: 902.C 
Lead Temperature 1/16 Inch from Case for 5 Seconds rash ons Matsate. he den aaa on Dan eee ae S2eOe 


NOTES: 1. This value applies for ty, < 100 us, duty cycle < 50%. 
2. Derate linearly to GO mA at 70°C case temperature at the rate of 2 mA/*C. 
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TYPE TIES471 
GALLIUM ARSENIDE INFRARED-EMITTING DIODE 





operating characteristics at 25°C case temperature 


ros ttm | 
Port om | 
Ip=50mA a TY Wd 
[130° 
P46 18 | v_ 


lpm=50mA, ty= 100ns, 
t iant Pul Timet 
r Radiant Pulse Rise Time f= 100 kHz 


*Aadiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value fora step change in 
current. 
















TYPICAL CHARACTERISTICS 


RELATIVE RADIANT INTENSITY 











RELATIVE SPECTRAL CHARACTERISTICS ANGULAR DISPLACEMENT 
1.2 1.0 
| | {| J J J tr=soma PET TIN ETT 
co Eo ZN 
g 09 Stes ie lt | as Agi one d_ 
gee a OF 23 a B07 7 r 
foo Weed ea a ae dae eee 
0.7 = 
ee Mf i ce Hof PT AT 
s 
én ae 
oer ee Pa ee ee q 05 es 
© 63 o2t-4 
i otf 
088 0.89 0.90 0.91 0.92 0.93 0.94 0.95 0.96 {00° 80° 60°” 40° 20° 0° 20° 40° 60° 80° 100° 


8—Angular Displacement 


A-Wavelength—um 


FIGURE 1 FIGURE 2 


RADIANT POWER OUTPUT 


vs 
FORWARD CURRENT FORWARD CONDUCTION CHARACTERISTICS 


\p—Forward Current—mA 





as A ae 0 ee ee 
a 22 
ea eS U 
ao 


PQ—Radiant Power Output—mW 





0.1 ‘0 
10 20 40 70 100 200 400 1.2 1.3 1.4 1.5 16 #17 1.8 
If —Forward Current—mA VF-Forward Voltage—V 
FIGURE 3 FIGURE 4 


NOTE 3: These parameters must be measured using pulse techniques. tw = 100 us, duty cycle < 50%, 
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| TYPE TIES472 
TTL-COMPATIBLE FIBER-OPTIC TRANSMITTER MODULE 


BULLETIN NO. OL-S 12188, NOVEMBER 1974—REVISED SEPTEMBER 1977 





COMPLETE FIBER-OPTIC TRANSMITTER (FORMERLY TIXL472) 


@ Hemispherically Shaped 18-Mil-Diameter Gallium Arsenide Source for Improved 
Coupling to Fiber-Optic Bundles 


e Peak Emission at 0.91 um for Optimum Match to Silicon Detectors such as 
the TIED452 Avalanche Photodetector Module 


e TTL-Compatible Inputs, Active-Low Enable, and Single 5-V Power Supply 


e Typical Rise Time of 15 ns 
description 

FUNCTION TABLE 
The TIES472 is a complete fiber-optic transmitter module designed for use with 
fiber-optic bundles. The unit contains a high-speed gallium-arsenide infrared-emitting | = fal 
diode (!RED), and a high-speed, high-efficiency integrated current driver. Two TTL- OPEN 
compatible inputs are provided. The IRED will be on only when the signal input, A, is 
high while the enable input, E, is low. If the value of the external current-setting resistor 
is less than 6 ohms and the signal input is continuously high or open, provision should be 
made for the enable input to also be high or open to avoid excess IRED power H = high level 


dissipation. L = low level 
X = irrelevant 





The IRED is hemispherically shaped to couple more light into the fiber-optic bundles. A complete digital fiber-optic 
link can be formed using this module, a fiber-optic bundle, and a TIED452 avalanche photodetector module. Adapters 
are available to make the module compatible with commercially available fiber-optic connectors. 


mechanical data 


The TIES472 consists of a TIES471 gallium arsenide IRED matched with a TTL-compatible electronic drive circuit and 
is packaged in a finished aluminum housing. The housing, measuring 2 inches by 1.5 inches maximum, protects the 
electronics section and provides threads for mounting to the system. The hemispherically shaped !RED chip is mounted 
in the extended, threaded portion of the module and is encapsulated in epoxy to provide a flat, clear window. The 
index of refraction of the window is 1.49. The active area surface is nominally 0.020 inch below the front surface of 
the epoxy. 


The five-pin plug on the rear of the module provides for the electrical connections. Total weight of the complete 
module is approximately 50 grams. 


THE CASE IS IN ELECTRICAL CONTACT WITH PIN E 


1,580 (40,1) NOM 
No. 4 PHILLIPS HEAD SCREW 
0,198 (5,03) (2 PLACES) 


0.178 (4,52) 0.880 (22,35) 


0.860 (21.84) 


1,00-32 NS-2A 
ANS! STD THREAD 
(APPROX 25,4 mm MAX) 


1,000 (25,4) NOM 


0.065 (1,65) 
MAX 
CLEAR EPOXY wiNcOW TENE ORE 0.960 (24,4) NOM 
TO SEATING PLANE 


METRIC THREAD 

M10 X 1.00-6G6G THREAD 
PITCH DIA 10.000/9.824 
{APPROX 0.394 INCH MAX) 


NOTES: a. All dimensions are in inches (except metric 
thread) and parenthetically in millimeters. 
Inch dimensions govern except on metric 
thread. 


» Signal Input 

» Enable Input E 0.107 (2,72) 
. Power Supply, VAA 

- : i « Ground 

b. Plug dimensions are nominal. : DETAIL OF PLUG P1 
. External Current Setting (AMPHENOL 126-216) 


Resistor 


0.203 (5,16) 
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TYPE TIES472 | - 
TTL-COMPATIBLE FIBER-OPTIC TRANSMITTER MODULE 





module schematic 


EXTERNAL CURRENT- 
SETTING RESISTOR 


POWER SUPPLY, Vaa 
5 V +0.5 V,325 mA max 


SIGNAL INPUT A 


ENABLE INPUT E 


GND 





operational block diagram 





POWER SUPPLY, Vaan 
5+0.5 V,325mA 







EXTERNAL 
CURRENT- 
SETTING 
RESISTOR 
oe a = INTENSITY- 
INPUT A ‘a 5 —> MODULATED 
INFRARED 
ENABLE RADIATION 
INPUT E 


FIBER-OPTIC 
BUNDLE 


The wiring to the external current-setting resistor, Rc, should be as short as possible and twisted or preferably shielded 
to avoid radiation of r-f interference to surrounding equipment. Rc should be noninductive (carbon composition is 
suitable). For power dissipation calculations the continuous current through Rc can be taken from Figure 4, 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


372 


TYPE TIES472 
TTL-COMPATIBLE FIBER-OPTIC TRANSMITTER MODULE 





absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Power Supply Voltage, Vag (SeeNote 1) 2... 2 2 we ee ee ee ee ee ee ee SEV 
Input Voltage: 05 eo ei ea ee ecb hoe ee 3S BORG Ne SO ea wa as eo LM 
Range of Values for External Current-Setting Resistor, Rc, for Continuous Operation . . . . ..... 62to™ 
Duty CycleforRQ=O «6 6 ww we ee ee ee ee te ee ee ee we we ~©—50% 
Operating Case TemperatureRange  . www 1 ek ee ee ee ee ee ee ee OC to 60°C 
Storage Temperature Range 5 ww ww ee ee ee ee ee ee ee 40°C to 90°C 


NOTE 1: All voltage values are with respect to pin E (GND). 


operating characteristics at 25 C case temperature, Vaaz5V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Po Radiant Power Output 
Ap Wavelength at Peak Emission 
4A Spectra! Bandwidth 


OH Half-Intensity Beam Angle 
t . 


len = 100 mA, ty = 100 ns, 
‘ snot = 
Radiant Pulse Rise Time f = 100 kHz 


. | 
tL Vets a SSR a Plain Pate Oe 







Ro = 342 (ip = 50 miA) 






Vv Low-Level Input Voltage 


ty Input Current at Maximum Input Voltage poet V,;=5.5V 
Enable E 
| input A | fe ee BO 
Te) High-Level Input Current Enable E Vy7=24V Fe a eo nA 
Ue Low-Level! Input Current V;=0.4V mA 
Enable E ae 


tRadiant pulse rise time required for a change in radiant power output from 10% to 90% of its peak value for a step change in current. The 
pulse source should have a 50-22 output impedance. 
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TYPE TIES472 
TTL-COMPATIBLE FIBER-OPTIC TRANSMITTER MODULE 


TYPICAL CHARACTERISTICS 


RELATIVE RADIANT INTENSITY 
vs 


RELATIVE SPECTRAL CHARACTERISTICS ANGULAR DISPLACEMENT 


ane ak Saaz 
ge eel MeN elec ial 


a 

x 
< 
z-) 
2 
~ 
a 
Oo 


Relative Spectral Power Output 
Relative Radiant Intensity 





0 0 °o ° o ° °o fe] ° ° t») ° 
0.88 0.89 0.90 0.91 0.92 0.93 0.94 0.95 0.96 100° 80° 60° 40° 20° 0° 20° 40° 60° 80° 100° 


0— Di 
A—Wavelength—pm Angular Displacement 


FIGURE 1 FIGURE 2 
RADIANT POWER OUTPUT FORWARD CURRENT OF IRED 
vs vs 
FORWARD CURRENT OF IRED VALUE OF EXTERNAL CURRENT-SETTING RESISTOR 


1000 OS A OO 9 2 8 ee es 









2s Ve 2) 
Joo ETc = 25°C There 

: 1 Se 0 OE 
Pt 

= aco 
i ¢ a 
3 £ 200 FF SUIT 
3 5 eo UM [Prim LI 
3 S 100 | ee 
A 2 a SS A RO 
Ss 79 OOO err 

Ee = Py AP To 
& 3) ae a a 
3 “40 pt} tA 
a oP LETT TE AN 
£ TAI TIE TL TNT 








1 10 
10 20 40 70 100 200 400 0.1 0.2 040.71 2 4 #710 20 40 70100 
1p—Forward Current—mA Rc—External Current-Setting Resistor—Q 
FIGURE 3 FIGURE 4 


NOTE 3: These parameters must be measured using pulse techniques. ty, = 100 us, duty cycle < 50%. 
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SERIES TXES475, TXES476 
FIBER-OPTIC GALLIUM ALUMINUM ARSENIDE SOURCE ASSEMBLY 


BULLETIN NO. DL-S 12605, APRIL 1978 





SOURCE ASSEMBLY DESIGNED FOR FIBER-OPTIC APPLICATIONS 


e High-Efficiency GaAlAs Infrared-Emitting Diode 

e 0.79-um Emission for Good Optical Fiber Transmission 

@ Integral Du Pont Company PFX-PIR140 Plastic Fiber-Optic Cable* 
e AMP Incorporated Standard Fiber-Optic Cable Connectort 


e Compatible With Texas Instruments TXED453 Detector Assembly and 
TXEF402 Cable Assembly 


e Rise Time...20ns Typ 
description 


Series TXES475 and TXES476 fiber-optic source assemblies each consist of an optical source, an integral fiber-optic 
cable, and a connector termination. The optical source is a GaAlAs infrared-emitting diode (surface-emitting type) with 
a peak emission wavelength of 0.79 micrometers. The integral fiber-optic cable is Du Pont Company type PFX-PIR140* 
infrared-transmitting plastic fiber-optic cable. It has a maximum attenuation of 350 decibels per kilometer at 
0.79 micrometers and has a calculated material numerical aperture of 0.53. The broad emission spectra! bandwidth of 
the optical source slightly increases the effective attenuation. The core diameter of 0.37 millimeters for the single 
plastic optical fiber is also suitable for coupling to various commercially available 7- and 19-strand glass fiber bundles. 
The output end of the integral fiber-optic cable is terminated in an AMP Incorporated type 1-530530- os standard 
fiber-optic cable connector. 


mechanical data 


The infrared emitting diode is in an epoxy-filled case similar to, but slightly shorter than, JEDEC TO-5 outline. A 
coined header is used to increase the thermal dissipation capability. The fiber-optic cable has an outer jacket diameter 
of 1.9 millimeters, and optical fiber cladding and core diameters of 0.40 millimeters and 0.37 millimeters, respectively. 
Various integral fiber-optic cable lengths are available. The part number for the fiber-optic source assembly is 
designated by the basic type number followed by C and three digits corresponding to the length in centimeters. For 
example, TXES475C025 has an integral fiber-optic cable that is 25 centimeters long. 


THE ANODE IS !N ELECTRICAL CONTACT WITH THE CASE 


0.3125-32 UNEF-2B 
ANSI STD THREAD 
FORMERLY 
5/16-32 NEF-2B 
0,441 (11,20) 
0.335 (8,51) NOM 
2 LEADS 0.305 (7,74) 9.370 (9.40) yy 
0.019 (0,483) DIA 0335 (8,51) 


~———__—-— DIA 
een 0.016 {0,406) 


0.045 (1,15) 
0,029 (0,73) 


0.034 (0,864) 0.075 (1,91) 
0.028 (0,711) 0.125 (3,10) DIA NOM 
0.009 (0,23) SF 
0.220 (5,59) 
0.5 (12,7) ae nol 
MIN 0.200 (5,08) 0.016 (0,40) 


FIBER DIANOM 
BASE SEAT 





t————— ASSEMBLY LENGTH NOM 





ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN, 
absolute maximum ratings 


Reverse Voltage at 25°C Case Temperature in, Foto eres ote? Ca Boe Se ode te 2. 
Continuous Forward Current at (or below) 25°C Case Teinipavatiirs (See Note 1) woe ew ee we ww we 100MA 
Operating Case Temperature. 2 1 1 eee ee ee ee ee 20°C to 70°C 
Storagé Temperature Range . . 3b de Pe Roe SS aoe bo, 20 C1870 C 
Lead Temperature 1/16 Inch (1,6 oe fick ‘Case re 5 Seconds Ase. Lee ens ee Hae ean ay Bene ene pate. foe sOsC 


NOTE 1: Derate linearly to 55 mA at 70 C at the rate of 1 mA/ Cc. - 
*A product of E. |. du Pont de Nemours and Company, Wilmington, Delaware 19898 
TA product of AMP Incorporated, Harrisburg, Pennsylvania 17105 
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TXES475C025 


operating characteristics at 25°C case temperature 
TEST TXES475C050 | TXES475C100 | TXES476C025 | TXES476C050 | TXES476C100 
PARAMETER CONDITIONS|MIN TYP MAX|MIN TYP MAX|MIN TYP MAX| MIN TYP MAX]MIN TYP MAX|MIN TYP MAX 


NIT 
p Radiant Power w 
Cc Coupled into Fiber 
Ss A bl 
Pe ee 120 70 110 60 100 160 200 a3 ae wy 
Radiant Power Output 
Wavelength at 
Xp _ 0.76 0.79 0.81]0.76 0.79 0.81/0.76 0.79 0.81] 0.76 0.79 0.81/0.76 0.79 0.81]0.76 0.79 0.81] um 
Peak Emission 


Half-tntensity 
PHI 
Beam Angle 


Ve _ Static Forward Voltage 
* Recommended operating condition is !- = 100 mA with a maximum duty cycie of 50%. 













oO 







Ve =0, 
c Capacitance F 
f= 1 MHz 


Radiant Pulse I- = 100 mA, 


t 
Rise Timet See Figure 1 





tThe radiant pulse fall time is approximately equal to the rise time. 


Val-) 





PULSE 
GENERATOR 
(See Note a) 


IF 
—_—_—— > 





INPUT 






TxeEsa7s/Txess7e | GERMANIUM 
Sx IN, AVALANCHE 
“ea Ia PHOTODIODE 
ae GEE a Ee eee eee es | 
Soe 0.1 yF 
TIEF150 (cro) (See Note b) 
TEST CIRCUIT WAVEFORMS 


NOTES: a. The input current waveform is supplied by a pulse generator with the following characteristics: Z, = 50 2, ty < 200 ns, ty <5 ns, 
b. The output waveform is monitored on a cathode ray oscilloscope with the following characteristics: Zjn = 50 2, ty < 2.5 ns. 


FIGURE 1—SWITCHING TIMES 


Adjust amplitude of input pulse for Ile = 100 mA 
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EFFICIENT HIGH-POWER GaAs INFRARED SOURCES 





EFFICIENT HIGH-POWER GaAs SOURCES 


The Gallium Arsenide (GaAs) hemispherical source is an amphoteric Si-doped solution-grown infrared-emitting diode 
(IRED). It offers the highest optical power available in noncoherent infrared sources, together with increased quantum 
efficiency. The outputs of the TIES12-TIES 16 series of IRED’s range from 20 mW to 350 mW at their respective forward bias 
currents. 

These infrared sources are capable of meeting applicable Mil-Std tests and find applications in optical communications. 


This report presents basic information necessary to fully utilize these high-optical-power-output and high-efficiency 
infrared sources. 


Topics discussed include: 
Theory of Operation 


Device Performance 


Series Resistance 
Forward Voltage 
Optical Power 
Spectral Distribution 
Radiant Intensity 
Thermal Impedance 
Frequency Response 


Package Configuration and Design 


Typical GaAs Infrared Source Circuits 
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EFFICIENT HIGH-POWER GaAs INFRARED SOURCES 





THEORY OF OPERATION 


The high-power GaAs IRED’s, TIES12 through TIES 16, It is clear from equation (1) that any increase in N, 
are 36-mil or 72-mil diameter hemispherically shaped would mean an increase in efficiency. 
emitters. A mesa is formed on the base of the hemisphere When the ratio of the junction radius to the dome radius 
to define the solution-grown P-N junction. is equal to the sine of the critical angle, that is, when 


When the P-N junction is forward biased, electrons from 
the N region are injected into the P region and radiant 
quanta (photons) are generated through recombination. 


This radiant energy is emitted in the near-infrared region. tj 

The hemispherical dome structure provides a substantial sind, = — (2) 
increase in radiant source quantum efficiency from that of Ro 
flat-geometry sources. where 


The radiant source quantum efficiency (7s) is defined by 


the equation 6¢ = critical angle 


rj = the junction radius 
Ro = the dome radius 


q Ng 
1s= —— (1) 
IF 

a all the radiation reaching the surface of the hemisphere will 
make an angle less than 9, with the norma! to the surface. 
q = the electronic charge Under these conditions total internal reflection is 
Ng = the external photon rate eliminated. The external photon rate (N,) is maximized, 

If = the forward current increasing efficiency of the device. 


DEVICE PERFORMANCE 


CURRENT-VOLTAGE CHARACTERISTICS 


At normal operating conditions, the diode current I The parameter n generally equals 2 at low currents and 
depends on the junction voltage Vj as equals | at high currents. The junction voltage Vj is related 


to the applied voltage V as 
I = Ig exp [(q Vj — Eg)/nkT] 





where Vj =V—Its 


Ip = a constant 
q = electron charge (1.6 x 10-19 coulomb) 
Vj = junction voltage 
Eg = bandgap energy (1.44 eV for GaAs at 25°C) 
n =a constant 
k = Boltzmann’s constant (1.3807 x 10-23 joules) 
T = temperature (kelvins) _dV _ nkT 


Cee Ss! een Fy, 
Table I di oq 


Series Resistance (T = 25°C) 


Device Type Min r (2) Typical r (2) Max r (2) 


TIES12, 13 0.75 0.90 
TIES14, 15, 16 0.13 0.17 


where 


ts = diode series resistance. 


The differential resistance is equal to 


At high currents, the series resistance rs dominates the 
current-voltage characteristic as shown in Figures 1. 2. and 
3. Table I lists the values of series resistance determined 
from the current-voltage characteristics. 
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1.6 


= 
o 


e 
FORWARD VOLTAGE (Vf) (VOLTS) 


FORWARD VOLTAGE (Vf) (VOLTS) 


= 
wW 


TEMP, = 25°C 


TEMP, = 25°C 


1.2 





0 0.100 0.200 0.300 0.5 1.0 1.5 
FORWARD CURRENT (If) (AMPERES) FORWARD CURRENT (If) (AMPERES) 
FIGURE 1. Forward Voltage vs Forward Current FIGURE 2. Forward Voltage vs Forward Current 
for TIES12 and TIES13 for TIESI4 and TIESIS 


The current-voltage characteristic changes slightly with 
temperature. At constant current, the diode voltage varies 
because of the temperature dependence of both the 
bandgap energy and the series resistance. The diode voltage 
is shown as a function of temperature in Figures 4, 5, and 
6. Typical values of the voltage temperature coefficient 
AV/AT are listed in Table II. 





Table II 


TIES12, 13 —1.5 mV/°C 
TIES14, 15, 16 —1.2 mV/°C 













TEXAS INSTRUMENTS 379 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


380 


1.9 


1.8 





FORWARD VOLTAGE (Vp) (VOLTS) 
w 


a 
w 


TEMP, = 25°C 


1.2 


1.0 2.0 3.0 
FORWARD CURRENT (Ie) (AMPERES) 


FIGURE 3. Forward Voltage vs Forward Current 
for TIES16 
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FORWARD VOLTAGE (VF) (VOLTS) 


-76 -50 -2% 0 2 50 75 100 125 150 
TEMPERATURE (T) (°C) 


FIGURE 4, Forward Voltage vs Heat Sink Temperature 
for TIES12 and TIES13 
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0 
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FIGURE 5. Forward Voltage vs Heat Sink Temperature 
for TIES14 and TIES15 





-80 -40 -20 0 20 40 60 80 100 120 
TEMPERATURE (T) (°C) 


FORWARD VOLTAGE (Vf) (VOLTS) 


FIGURE 6. Forward Voltage vs Heat Sink Temperature 
for TIES16 


OPTICAL POWER 


The optical power generated by GaAs infrared sources 
is nearly a linear function of the forward bias current when 
operated above low currents and below the maximum rated 
current. 

The optical power becomes more linear with the bias 
current as the temperature is decreased. Table III shows the 
observed APo/AI in the linear operating region. 






Table III 
TIES 12,13 
TIES 14,15 


TIES 16 
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Decreasing the temperature will cause the diode to 
become more efficient and thereby increase the optical 
power for any given forward bias current. Therefore, by the 
use of cooling equipment, the optical power can be 
increased above the rated powers, if space and external 
power requirements permit. The bias current can safely be 
increased to the level above which additional bias current 
does not increase optical power. 

Optical power as a function of temperature and bias 
current is presented in Figures 7, 8, and 9. 


OPTICAL POWER OUTPUT (Po) mW 





—80 —40 0 40 80 120 160 
TEMPERATURE ({T) (°C) 


FIGURE 8. Optical Power Output vs Heat Sink 
Temperature for TIES14 


An approximation that can be used when designing with 
IRED’s is the optical power will increase by a factor of 2 
when the temperature is decreased by 80°C. The optical 
power will decrease by half when the temperature is 
increased by 80°C. The reference of unity optical power is 
the optical power observed at 25°C. 

The TIES16B has been operated at liquid nitrogen 
temperature (—196°C), and the observed optical power as a 
function of bias current is shown in Figure 10. 


OPTICAL POWER OUTPUT (Po) mw 





Power Efficiency: The power efficiency of GaAs IRED’s 
is defined as the optical power divided by the input 
current-voltage product. The power efficiency is a function 
of current. 

Figures 11, 12, and 13 present the power efficiency 
capabilities of the GaAs solution grown devices. Figure 14 
presents the power efficiency of the TIESI6B at liquid 
nitrogen temperature (—196°C). , 
: The maximum value of the TIES12-TIES16 series is 
FIGURE 7. Optical Power Output vs Heat Sink slightly below the maximum recommended bias current 


Temperature for TIES12 tating. 





—40 (0) 40 80 120 160 
TEMPERATURE (T) (°C) 
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OPTICAL POWER OUTPUT (Po) mW 
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FIGURE 9. Optical Power Output-Heat Sink 
Temperature for TIESI6B 


Ay ~ 8700 A 


TEMP. = —196°C 


aa TEMP, = 25°C 





ie) 1.0 2.0 3.0 4.0 5.0 
FORWARD CURRENT (Ie) (AMPERES) 


6.0 


FIGURE 10. Average Optical Power vs Forward 
Current for TIESI6B at 25°C and —196°C 


POWER EFFICIENCY % 


POWER EFFICIENCY % 


POWER EFFICIENCY % 


= 
N 


fe) 





FORWARD CURRENT (If) (mA) 


FIGURE 11. Power Efficiency vs Forward Current 
for TIESI2 


TIES 14 


TEMP, = 25°C 


TIES 15 


TEMP. = 25°C 





100 
FORWARD CURRENT (IF) (mA) 


1000 


FIGURE 12. Power Efficiency vs Forward Current 
for TIES14 and TIES15 at 25°C 
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FIGURE 13. Power Efficiency vs Forward Current 
for TIES16B at 25°C 
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A= 9250A 
Po P 
Ip = 300 mA 
TEMP. = 25°C 
ae 3 3S 
> TEMP. = —196°C = 3/4P0 
2 g 
Ww = 
rs) fe) 
iw a 
uw a 
S 
7 = B.W. = 450A 
2 a 1/2Po 
oO ° 
a Ww 
> 
ha 
S$ 
TEMP. = 25°C Tr 
c 
1/4Po 
oO 1.0 2.0 3.0 4.0 5,0 6.0 
FORWARD CURRENT (IF) (AMPERES) 
$800 9600 9400 9200 9000 8800 
FIGURE 14. Power Efficiency vs Forward Current WAVELENGTH (ANGSTROMS) 
Oo ie) 
for TIESI6B at 25 C and -196 C FIGURE 15. Typical Spectral Distribution 
for TIES12 
SPECTRAL DISTRIBUTION Ap = 9300 A 
The typical spectral distribution for the GaAs Po 
solution-grown infrared sources is presented in Figures 15, 
16, and 17. lp=2A 
The peak wavelength (Ap) is a function of bias current TEMP. = 25°C 
and temperature. Table IV presents typical peak wave- 3 
length and bandwidths (half power points). = 3/4Po 
F3 
2 
Table IV . 
< 
: 2 AA= 450A 
Device Type Er 1/2Po 
fe) 
TIES 12, 13 w 
TIES 14, 15 ra 
TIES 16 | 
Ww 
c 
1/4Po 
For TIES12-TIES16 series an average change of 3A/°C 
has been measured over the temperature of —50°C to 
~ +120°C. The bandwidth remains nearly constant in this 
temperature range. 
9800 9600 9400 9200 9000 8800 
Relative Intensity: Polar plots of typical relative WAVELENGTH (ANGSTROMS) 
intensity versus angular displacement are presented in 
Figures 18 and 19. Figure 20 presents what a reflector can FIGURE 16. Typical Spectral Distribution 
do in aiding the designer when a narrow beam is required. for TIES14 
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for TIES16 
20 20; 380° ; 30° 3. ae FIGURE 19. Relative Intensity vs Angular Displacement 
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FIGURE 18. Relative Intensity vs Angular Displacement FIGURE 20. Beam Pattern for TIES16 with Reflector 
for TIES 12, 13, 14, and 15 
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RADIANT INTENSITY 


Radiant intensity is defined as radiant flux per unit solid 
angle in a _ given direction and is measured as 
watts/steradian. 

One steradian is the solid angle subtended at the center 
of a sphere by a portion of the surface area equal to the 
square of the radius of the sphere. There are 47 steradians 
in a complete sphere. Radiant intensity can be measured in 
the following manner. Radiant energy from a source is 
beamed into an aperture of area A. The radiant flux at the 
aperture is measured by a detector. 


DETECTOR 


SOURCE 


pa" 


The radiant intensity (Ie) is given approximately by the 
following equation, for large R 


Po 
A/R2 





le = W/sr = (6) 


where 


Po = optical power at detector 

le = radiant intensity 

A = aperture area 

R = distance from source to detector 


Typical values of radiant intensity are presented in 
Table V for the TIES]2-TIES16 series at their rated bias 
currents. 


Device Type 


TIES12 
TIES13 
TIES13A 
TIES14 
TIES15 
TIESI6A 
TIES16B 
TIES16C 


Table V 


Radiant Intensity (mW/sr) 





THERMAL RESISTANCE 
The thermal resistance (in °C/W) can be defined as the 
temperature difference between two points or regions 
divided by the power dissipation under conditions of 
thermal equilibrium. 





It is a difficult parameter to calculate accurately but can 
be measured with a reasonable degree of accuracy. The 
junction temperature (TJ) can be approximated by 


Ty) =P + Rogns+ THS (7) 


where 


P = power input 
R@JHS = junction-to-heat-sink thermal resistance 
THS = heat-sink temperature 


The method used to measure thermal resistance 
depends on the fact that the voltage across the P-N junction 
at a fixed forward current varies inversely and almost 
linearly with the temperature. 

In practice, the diodes to be measured are first calibrated 
in an oven ata constant 5-mA current by plotting forward 
voltage drops at several temperatures. This gives a Vp-Ty 
calibration curve for each diode. 

Each diode is then placed on a constant temperature 
heatsink and connected to the thermal resistance test set. 
The test set contains circuitry for interrupting the d.c. 
currents for periods of 100-us at about one-percent duty 
cycle. During the 100-us period, a 5-mA calibrating current 
is applied to the diode and the forward voltage is measured. 

The temperature corresponding to this voltage is read 
from the Vp-Ty calibration curve. By taking power and 
temperature readings at several current levels, a plot of 
junction temperature versus applied power may be obtained 
as shown in Figures 21, 22, and 23. 


FREQUENCY RESPONSE 


Frequency response depends on the type technology and 
packaging techniques used. 

The frequency response curves are shown in Figure 24. 
These curves were obtained by forward biasing the diodes 
at 50mA and modulating the d.c. bias with a 10mA 
peak-to-peak sine wave signal. The output of the emitters 
were detected with a high speed detector. Measured values 
of the rise and fall times of the output of the diode, as 
detected by the high speed detector are 250 nanoseconds 
and 300 nanoseconds respectively. 

The frequency response of the TIES12-TIES16 series is 
lower than the response of other Texas Instruments IREDs. 
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FIGURE 21, Thermal Resistance Characteristic 
for TIES12 and TIES13 
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FIGURE 22. Thermal Resistance Characteristic 
for TIES14 and TIES15 





PACKAGE CONFIGURATION AND DESIGN 


The TIES12-TIES16 series of IRED’s are 36-mil or 
72-mil diameter hemispherically shaped emitters 
(Figure 25). A mesa is formed on the base of the 
hemisphere to define the solution-grown P-N junction, 

An alloyed P-type ohmic contact is applied to the top of 
the mesa. A N-type contact is applied to the surrounding 
area. 


The TIES12-TIES15 series are mounted in a window 
package which has a 6-32 stud as the anode contact and a 
solder lug as the cathode contact. The series are normally 
hermetically sealed but may be left unsealed at customer 
request. 

The TIESi6A, TIES16B, and TIESI6C are mounted on 
a heavier stud package with no can. This provides a wider 
emission angle. 
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FIGURE 23. Thermal Resistance Characteristic 
for TIESI6A, TIESI6B, and TIESI6C 
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FIGURE 24. Frequency Response Characteristic 
for TIES12, TIES14, and TIES16 (A, B, C) 





The TIES12 and TIES13 devices have 36-mil-diameter 
hemispheres with rated optical powers of 40 mW and 
20 mW at 300 mA forward bias current. 


The TIESI4-TIESI5 devices have 72-mil-diameter 
hemispheres with rated optical powers of 60 mW and 
30 mW at | ampere forward bias current. 


The TIESI6A and TIESI16B devices have 72-mil 
diameter hemispheres with rated optical powers of 100 and 
200 mW at 2 amperes forward bias current while the 
TIES 16C is selected to give 350 mW at 3 amperes. 


The TIES!2, 13, 14, 15 are capable of passing 
environmental tests in accordance with the following 
Mil-Std procedures: 


Thermal shock: 
Mil-Std-750A, method 1056.1, condition A. 


Acceleration: 

Mil-Std-750A, method 2006 at a level of 15,000 G’s, Y, 
& Y> axis. 

Hermetic Seal: 

Mil-Std-202, method 112, condition C, except the 
leakage rate shall not exceed 50 X 10—8 ATM CC/sec. 
Solderability: 

Mil-Std-750A, method 2026 as appropriate with solder 
lug. 

Vibration-Variable Frequency: 

Mil-Std-750A, method 2056 30 G’s. 

Mechanical Shock: 

Mil-Std-202, method 213 sawtooth pulse at 100G’s. 
Moisture Resistance (non-operating): 

Mil-Std-750A, method 1021, except that lead fatigue 
test shall be omitted. 


The TIESI6A, TIESI6B, and TIESI6C are capable of 
passing Mil-Std environmental testing where tests are 
compatible with devices that are not hermetically sealed. 
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TIES12, TIES13, TIES14, TIES15 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES 


037019, 
0.30016. 
9.230 18.8) 4, 


a 
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omar 
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daoiveat 03701728) og, 
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Oom32 NC 2A 
ANS! $10 THREAD 0.199 14,901 
FORMERLY B32 NC: ZA 0178 aaa 





SEATING PLANE 
9.100 12:54) 9, 2108 (2.87! 54, 
1000 12.03) Bone 12.41 





0.175 13,19) 
0 096 2.41) 2013 (0.3) 
9.008 (0.2039 


NOTES: a. Torque between stud and can or lug must be avoided. Flats are provided on the stud for tightening to heat sink. 
b. The orientation of the lug in relation to the stud flats is not controlled. 


c. All dimensions are in inches and parenthetically in millimeters, Inch dimensions govern. 


The devices are in hermetically sealed packages with a flat glass window in the top of the case. The cathode is in electrical 
contact with the case and adjacent solder lug. The anode is in electrical contact with the stud, which is insulated from the 


case by a glass-to-metal seal. Soldered connections should not be made directly to the stud because of the 
low-thermal-resistance path between the stud and emitting element. 


FIGURE 25A. 


TYPE TIES16A, TIES16B, TIES16C 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES 
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0.008 (0,203) D'A 
CATHODE LEAD 


ALL DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 


The diode is mounted on a copper stud header to provide efficient heat sinking. The anode is in electrical contact with the 


copper stud. The cathode lead is a varnished 0.01-inch copper wire secured to the stud by a metalized ceramic insulator. 
Soldered connections should not be made directly to the stud because of the low-thermal-resistance path to the emitting 
element. 


FIGURE 258. 
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TYPICAL GaAs INFRARED SOURCE CIRCUITS 


For best performance sources should be biased from a Proper heat sinking is also required to insure that 
current source rather than a voltage source. A simple excessive heating does not occur and cause power output of 
method is to place a resistor in series with a voltage power the diodes to decrease. 
supply to approximate a current source. Typical circuits using infrared sources are shown in 


Figure 26. These circuits can serve as building blocks for 
more sophisticated and optimum circuits. 


CONSTANT CURRENT 
RC COUPLED AMPLIFIER BIAS NETWORK 


cc 


4 


of 


DELAY TIME 
LOGIC GATE ELIMINATOR CIRCUIT 


© A24040 10 | 


FIGURE 26. Typical GaAs Infrared Source Circuits 





SUGGESTED FURTHER READING 


Biard et al, “Optoelectronics as Applied to Functional Millman and Halkias, “Electronic Devices and Circuits”, 
Electronic Blocks”, Proceedings of the IEEE, Vol. 52, No. McGraw-Hill, pp. 132-133. 
12, December 1964, Ppp. 1529-1536. Shortley and Williams, “Elements of Physics”, 


Prentice-Hall, pp. 437-439. 
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TIES27 GaAs NONCOHERENT INFRARED SOURCE 


The TIES27 GaAs noncoherent infrared source is 
essentially a solution-grown P-N junction. The output of 
the device is 15 mW minimum with 20 mW being typical 
at the rated forward current. The device emits in the 
near-infrared region. 

This report presents basic information necessary to 
utilize this high-power, low-cost industrial IR source. 
Included in this discussion are the theory of operation, 
device performance including forward voltage, optical 
power, spectral distribution, radiance, radiant intensity, 
thermal impedance, pulse-mode operation and optical 
design considerations plus typical mechanical specification 
and application data. 


THEORY OF OPERATION 

The TIES27 GaAs noncoherent infrared source is a 
solution grown P-N junction in the shape of an 
18-mil-square chip. The chip is mounted on a stud header 
and encapsulated in an epoxy dome. 

When the P-N junction is forward biased, electrons 
from the N-region are injected into the P-region and 
radiant quanta (photons) are generated through 
recombination. The radiant energy emitted is in the 
near-infrared region. 

A flat-geometry GaAs source emitting into air has a 
critical angle that can be described by: 


Mi 
Sin Fig Ny (1) 


where N, = index of refraction of air = 1 


N, = index of refraction of GaAs = 3.6 
9, = critical angle = 16.1. 


Any radiant energy generated that strikes the surface of 
the chip at an angle greater than the critical angle will not 
escape but will be reflected internally. This is shown in 
Figure 1. 






CHIP 


ye SURFACE 


FIGURE 1. Angle of Light Determines if it Escapes 
or is Reflected Internally 


The critical angle of the TIES27 chip has been 
changed by placing epoxy on the chip. Since the index of 
refraction of the epoxy is 1.5, the critical angle changes 


from 16.1° to 24.6°. The improvement factor can be 


calculated as follows: 


1—Cos#, 1—Cos 24.6° 
Q=:""" = | 2.31 (2) 
1 —Cos 0, 1 — Cos 16.1° 


The improvement factor is valid only when the 
radiant energy that is emitted from the P-N junction can be 
transmitted through the epoxy and into the air. 

The external quantum efficiency of the device can be 
described as the ratio of optical current output (photons 
per second) divided by forward input current. 


Ns = (3) 
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DEVICE PERFORMANCE 


Forward Voltage 


At a constant temperature, the voltage change as a 
function of current can be predicted from equation (4): 


AVp=— loge — (4) 


where Vp = forward voltage 


Ip = forward current 


KT 
— ~26mV 
q 
n= constant 


The value of n ranges from 1 to3 for the TIES27 
with n being larger at small forward bias currents. Exact 
values for n may be obtained by characterizing the diode 
under the operating conditions to which it will be exposed. 

The typical distribution of the forward voltage at the 
rated current of 300mA will range from 1.3 volts to a 
maximum of 2.2 volts. 


Optical Power 

The TIES27 generates an optical output power of 
15 mW minimum. The optical output power approximates 
a linear function of the forward bias current when operated 
above a few milliamperes and at or below the maximum 
specified forward current. Figure 2 shows relative optical 
power versus forward drive current. 

The optical output power can be described by 
Equation (5): 


a IgE 
where Ig = optical output current = n Jp (5) 
1.24 
Bs 
P 


Ap = peak wavelength in micrometers 


The optical power of the TIES27 varies inversely 
with temperature. A typical curve of optical output power 
versus temperature is shown in Figure 3. 


Spectral Distribution 

The distribution of emission wavelengths of the 
TIES27 is narrow; half-power wavelengths are typically 
separated by 450 angstroms. The peak wavelength ranges 
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FIGURE 2. Relative Optical Power versus Forward 
Drive Current for TIES27. T = 25°C. 
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FIGURE 3. Relative Photon Intensity 
versus Case Temperature 


from 9300 to 9450 angstroms when operated at rated 
forward current (300 mA) at 25°C stud temperature. The 
peak wavelength (Ap) is a function of forward bias 
current and temperature. The change in wavelength of 
peak intensity versus case (stud) temperature is shown in 
Figure 4. 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TIES27 GaAs NONCOHERENT INFRARED SOURCE 





CHANGE IN WAVELENGTH OF PEAK INTENSITY, Ay (A) 


0 5 15 25 35 45 55 65 70 


CASE TEMPERATURE, T¢, (°C) 


FIGURE 4. Change in Wavelength of Peak Intensity 
versus Case (Stud) Temperature. I Ro 300 mA. 


Radiance 

Radiance (Lg) is defined as radiant intensity emitted 
per unit area. In the case of the TIES27, the radiance can 
be calculated by using Equations (5) — (8): 


a = IgE (5) 
where Ig = optical output current = Np 
1.24 
E=—— 
Xp 
Ap = peak wavelength in micrometers. 
P/Q 
genes (6) 
A 
where P, = total optical power 


2 = solid angle of emission in steradians 


A = Area of active region in cm, 


For the TIES27 (active area is 18 X 18 mils), 


A =(0.018 X 2.54) em? = 2.09 X 1073 cm? (7) 


—3 
15X10 ~ W)/(27 sr 
ak (2m st) 
2.09 X 10-3 cm? 


=1.14W: st! fem? 


It should be pointed out that this is the worst case 
because the TIES27 does not emit uniformly into 
2m steradians but into a solid angle less than 27. 


Radiant Intensity 


The radiant intensity of an isotropic radiator is equal 
in all directions, therefore, the radiant intensity is equal to 


P 


Ie = oa (9) 


where Ie = radiant intensity (W/sr) 


P = total optical power (W) 


However, most GaAs infrared emitters are not perfect 
isotropic radiators and the radiant intensity is higher on the 
optical axis or within a few degrees of the optical axis. 
Figure 5 shows a typical intensity pattern for the TIES27. 


Thermal Resistance 


The thermal resistance of the TIES27 is typically in 
the range of 12°C/W. The chip is mounted directly to the 
stud which when heatsinked properly can be 
approximated to the first order as an infinite heatsink. It 
is important to note that the thermal resistance is a very 
difficult parameter to determine and measured values 
from different groups of processed material may have a 
wide distribution. 


Pulse Mode Operation 

The TIES27 is capable of being pulsed at relatively 
high peak currents. The limiting factor, as it is in most 
pulsed mode applications, is the interfaces and not the P-N 
junction—the power density gets so large in the bonding 
wire or the contact pad that catastrophic failures occur. For 
example, a 1-mil gold wire that is 0.5 inches long has a 
power density of approximately 4200 W/cm3 with 300 mA 
flowing through it. However, by increasing the current to 
lamp, the power density increases to approximately 
47,000 W/cm3. 
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FIGURE 5. A Typical Intensity Pattern for the TIES 27 


There are tradeoffs that must be considered when 
operating in the pulse mode such as duty cycle, repetition 
rate, and peak current. The peak current can be approxi- 
mated with reasonable accuracy by using 


T 
Tey = (ip max)/D= Ip max { — (10) 
t 


where Ip = maximum peak current 


{fp max = maximum-rated continuous forward 
current 


D = duty cycle 
T = period of frequency 


t = diode “on” time 
However, careful judgement should be used to ensure that 
the peak current does not exceed a level that will cause the 
bonding wires to open. The TIES27 should not be exposed 
to peak pulses of current greater than 4 amperes with an 
appropriate duty cycle. Figure 6 shows typical peak power 


PEAK POWER (mw) 





10 20 30 40 50 60 70 80 
DUTY CYCLE, D, (%) 


FIGURE 6. Typical Peak Power of TIES 27 at 10 kHz 


with Various Peak Current Levels at 
Various Duty Cycles 


obtained when the device was operated at a frequency of 
10 kHz with current levels of | ampere, 2 amperes and 
4 amperes at respective duty cycles of 50%, 25%, and 
12.5% — higher current pulses than equation (10) defines. 


Optical Design Considerations 


Since the TIES27 emits into such a large pattern 
(approximately 27 steradians), it is necessary to use some 
form of optics to collect and direct that portion of the 
optical power that will be used. 

The amount of optical power collected can be 
determined quickly once the optics have been defined. 
The following is an example that illustrates the effect of 
the f-number of the lens on the power transmitted. 





f IS FOCAL LENGTH 
FIGURE 7. Typical Optical Collection Configuration 
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2, 
P,=P,{—] m= (11) 


27 (1 — Cos @) 
E(k — 7 
2a 


where P, = optical power transmitted in the 


beam of the collection optics. 
P, = the total radiated optical power. 


2,5 the solid angle of collection in 


steradians. 


{2, = the solid angle of emission in 


steradians. 


n, = the transmission efficiency of the lens. 


@ =the half angle of the collection cone. 
Table 1 








FIGURE 8. An Economical Circuit for 
Modulating a TIES27 
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FREQUENCY, (HERTZ) 
FIGURE 9. Maximum Frequency for Circuit in Figure 8 








TYPICAL APPLICATION DATA is 
Figure 8 shows an economical approach for modu- 0.8 
lating a TIES27. This circuit features excellent bandwidth 2 
as well as high peak currents. Figures 9, 10, and 11 show 5 06 
the performance data for the circuit shown in Figure 8. 7 
2 04 
e 
MECHANICAL DATA a 3 
The device is encapsulated and mounted on a stud = 
header. The cathode is in electrical contact with the solder 0 
lug. The anode is in electrical contact with the stud, which 1 104 102 103 104 «108 = 108 3~— 107 
is insulated from the case by a glass-to-metal seal. Soldered 
connections should not be made directly to the stud FREQUENCY, (HERTZ) 
because of the low-thermal-resistance path between stud FIGURE 10. Frequency Response of IRED 
and emitting element. , in Circuit of Figure 8 
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FIGURE 11. Intensity versus Input Power for Circuit 
in Figure 8 When it is Used with an f/1.6 Lens 
Which has a 29-Millimeter Diameter 


70.315 (8,00) 


0.285 (7,24) 0.370 (9,40) 
0.1875 (4,77) 0.245 (6,23) verre 
07775 (4,51) 0.199 (5,05) 


0.235 (5,97) 
0.225 (5,71) 


0,302 (7,671) 


0.440 (11,18) 9,438.32 AC-2A 
TAOTIO4N  aNsi stD THREAD 


FORMERLY 6-32 NC-2A CLEAR PLASTIC LENS 


SEATING PLANE 


0.100 (2,54) 0.105 (2.67) p, 0.125 (3,18) 5 


0.080 (2,03) Goss qzani 4 0.095 (2,41) 0,013 (0,330) 


008 (0,203) 
NOTES: a. The orientation of the lug in relation to the stud flats is not controlled. 


b. Torque between stud and lug must be avoided. Flats are provided on the stud for tightening 
to heat sink. 


c. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 





FIGURE 12, Mechanical Specifications for TIES27 
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HIGH-RESISTIVITY SILICON PHOTODIODES 


INTRODUCTION 


Texas Instruments high-resistivity silicon photodiodes INSULATOR 
provide outstanding performance in the visible and near- 
infrared regions of the electromagnetic spectrum. These 


OPTICALLY 
REFLECTING 








photodiodes ususally have a !arge active area and operate ata = 3 ELECTRICAL 
high reverse bias. The principa! characteristics of these N GUARD RING 2 ro) CONTACT 
devices are 2 re 
N” DIFFUSED o 
e@ High speed at near-IR wavelengths ACTIVE AREA 4 ai 
@ Good responsivity at 1.06 um F3 =| 
Pend 4 
e Large output signal F = 
e@ Dark current relatively independent of reverse bias NI» = z 
w 
Qa 2 
The principal applications for these photodiodes include RADIATION ENTERS 
the following: FROM THIS SIDE 


@ Laser Guidance Systems 

@ Optical Proximity Fuzes 

@ Laser Distance-Measuring Systems 
e 


Laser Detection and Optical Alignment in Long- 
Range Optical Communications | NOMINAL 


e High-Speed Character Recognition Equipment 0.015” 
HIGH-RESISTIVITY SILICON FIGURE 1—BASIC STRUCTURE OF THE 
PHOTODIODE STRUCTURE HIGH-RESISTIVITY SILICON PHOTODIODE 


The basic structure of a high-resistivity silicon photodiode is 
shown in Figure 1. This is a planar diffused diode with an N+ 
guard-ring and is operated in a reverse-bias mode. The 
outstanding features of this structure are the following: 


e High reliability due to silicon-nitride-passivated 


planar-diffused junction ELECTRICAL CHARACTERISTICS 





© High signal-to-noise ratio due to anti-reflection Typical characteristics for high-resistivity silicon photodiode 
coating on the detector element and low dark detectors at 25°C and 150 V reverse bias are: 
current resulting from the N+ guard ring 
e Simplified optical systems as a result of large areas. e Responsivity (A/W) 
Active areas up to 0.650-inch diameter are 0.34 at 1.06 um 
available in standard products. 0.68 at 0.9 um 
e Flexibility in system design. Single or multiple 0.20 at 0.6 um 
detector elements on a single substrate are 0.02 at 0.4 um 
available in standard and custom-designed e@ Rise and Fall Times ~ 7 ns at 1.06 um 
packages. @ Capacitance ~ 35 pF/cm2 
e@ Wide depletion region at relatively low voltages @ Dark Current < 1 pA/cm2 
due to the use of high-resistivity silicon © Crosstalk between elements in detector arrays 


@ Low capacitance and good responsivity at 1.06 um <1 percent 
because of the wide depletion width. 





e High speed as a result of all hole-electron pairs Figure 2 is a graph of responsivity versus wavelength for a 
being generated in the high-field drift region. typical detector. 
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Re (right scale) 
A= 0.9 um 


10 


Re—Radiant Responsivity—A/W 








0 
0.4 0.5 0.6 0.7 08 09 4 1.1 1.2 1.3 1.4 
A—Wavelength—um 


Ip/A 
(left scale) 


FIGURE 2—RELATIVE SPECTRAL 
RESPONSE CURVE 0.1 7 
Re (right scale) 
A= 1.06 um 


Ip/A—Dark Current Density—pA/em2 
Re—Radiant Responsivity—A/W 


0.01 


These devices have a maximum operating voltage greater than 
300 volts, well in excess of the voltage required for full 
depletion. A plot of the typical dark current versus reverse 
voltage is shown in Figure 3. Dark current versus temperature 
and the effect of temperature on the responsivity at 0.9 um 
and at 1.06 um are shown in Figure 4. 


0.001 


A capacitance versus reverse voltage plot of a detector is 
shown in Figure 5, Note that the detector capacitance 


becomes independent of the voltage when the detector is 0.0001 
7 : 3 eS as -80-60 -40 -20 0 20 40 50 80 100 
fully depleted. 





T—Temperature—°C 


FIGURE 4—DARK CURRENT AND RADIANT 
RESPONSIVITY VERSUS TEMPERATURE 
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FIGURE 3—DARK CURRENT VERSUS FIGURE 5—CAPACITANCE VERSUS 
REVERSE VOLTAGE REVERSE VOLTAGE 
398 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


HIGH-RESISTIVITY SILICON PHOTODIODES 


HIGH-RESISTIVITY PHOTODIODE 
DETECTOR OPERATION 


The basic operation of a high-resistivity photodiode is 
Wlustrated in Figure 6. When a reverse bias is applied to the 
diode, the depletion region expands, and a high field is 
formed within the detector. The conditions shown in 
Figure6 are for a reverse bias of about 100volts. The 
electron-hole pairs that are created in the depletion region by 
the incoming electromagnetic radiation have ahigh drift 
velocity, which results in fast and efficient collection. The 
use of high-resistivity silicon allows a wide depletion width 
and low capacitance at moderate voltages. The depletion 
region expands to the back contact at a reverse bias of about 
150 volts. Good responsivity at longer wavelengths requires a 
wide depletion region because of the low absorption coeffi- 
cient of silicon at these wavelengths. 


The basic electrical model for these detectors operated under 
a reverse bias is shown in Figure 7. 


Texas Instruments is currently engaged in the volume 
production of these detectors (Figure 8) to military specifica- 
tions and is actively pursuing various development programs 
for both commercial and military applications. 


ELECTRON CREATED IN NON-DEPLETED 
REGION MUST DIFFUSE TO THE DEPLETION 
REGION BEFORE BEING COLLECTED 












+ 


ELECTRON HOLE PAIR 
CREATED IN DEPLETION 
REGION IS SWEPT BY FIELD 
CREATED BY REVERSE 

BIASING THE DETECTOR 


A FRACTION OF THE 
RADIATION ABSORBED 
IN THIS REGION IS COLLECTED 


ALL RADIATION ABSORBED 
IN THIS REGION IS COLLECTED 


ELECTRIC FIELD MAGNITUDE 


9X103V/em ———~-——» — 
(TYPICAL) 


ELECTRON POTENTIAL 


a 


FIGURE 6—BASIC OPERATION OF THE 
HIGH-RESISTIVITY SILICON PHOTODIODE 








where | = photoelectric current generated 
Cp = diode capacitance 
'D == diode differential resistance 
‘Ss = diode series resistance, and 
Rt = load resistor 


FIGURE 7—BASIC ELECTRICAL MODEL FOR THE 
HIGH-RESISTIVITY SILICON PHOTODIODE 
OPERATING IN REVERSE-BIAS MODE 


The generated current I, in amperes, is given by 
1=RgPA 


where Re = responsivity in amperes/watt 
P = power of incident radiation in watts/cm2, and 
A = junction area in cm2. 
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FIGURE 8—-HIGH-RESISTIVITY SILICON PHOTODIODES FROM TEXAS INSTRUMENTS 
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e Plastic Dual-In-Line and Metal-Case 200-mil Pin-Circle Packages Available 

e High-Power GaAlAs Infrared Sources, Ap = 790 nm . 

e High-Speed GaAlAs Infrared Sources, \p = 850 nm 

e High-Speed Low-Voltage Silicon PIN Diodes 

e DuPont PFX-PIR140 Plastic Fiber Used for Source Outputs, Detector Inputs, and Cable Assembles 
e Standard AMP Incorporated Fiber-Optic Connectors 


@ Low-Cost Lead-Frame Assembly for Plastic-Package Sources and Detectors 


INTRODUCTION 


Texas Instruments offers three types of assemblies for fiber- 
optic data link applications: source assemblies, detector 
assemblies, and cable assemblies. The source and detector 
assemblies have integral fiber-optic cables for optimum 
coupling of radiant energy. All assemblies incorporate the 
DuPont Company PFX-PIR140 infrared-transmitting plastic 
fiber-optic cable and are terminated in AMP Incorporated 
fiber-optic connectors or ferrules. The fiber-optic cable has 
an outer jacket diameter of 1.9 mm (0.075 inch) and optical 
fiber cladding and core diameters of 0.40 mm (0.016 inch) 
and 0.37 mm (0.015 inch), respectively. The source and 
detector assemblies can also be coupled to large-core- 
diameter glass fibers or to 7- and 19-strand glass-fiber 
bundles. The assembly part number is designated by the 
basic series type followed by “’C” or ‘’M” and three digits 
corresponding to the cable length in centimeters or meters, 
respectively. Assemblies are available with various fiber- 
optic cable lengths. An example of a part number designa- 
tion is TXES476C025. 





Figure 1. Basic Fiber-Optic Components 





DEVICE PACKAGING 


Source and detector assemblies are available in metal-case 
packages and plastic packages. For the metal-case packages, 
the electro-optical device is in an epoxy-filled case similar 
to but slightly shorter than JEDEC TO-5 outline. A coin 
header is used for the emitter to increase thermal dissipa- 
tion capability. For the plastic package, lead-frames with 
the mounted devices are assembled in a premolded plastic 
case, which is epoxy filled to produce a solid assembly. The 
six-lead dual-in-line package configuration is suitable for 
PC board mounting. Leads are on 2,54-mm (0.100-inch) 
centers for insertion in 7,62-mm (0.300-inch) center 
mounting-hole rows. The low profile package is 8.9 mm 
(0.35 inch) high, 12,2 mm (0.48 inch) wide, and 15,2 mm 
(0.60 inch) long. The integral fiber-optic cable exits from 
the package parallel to the PC board. The plastic package 
has a unique internal design that enables simple, precise 
self-alignment of the optical fiber relative to the emitter 
or detector chip. 


FIBER TERMINATIONS 


Two types of fiber terminations are available for the source 
and detector assemblies. One is the AMP Optimate! single- 
position fiber-optic connector (AMP P/N 1-530530-0). This 
connector is also used for the cable assemblies. A compatible 
bulkhead-mount splice bushing (AMP P/N 530570-1) is 
supplied with each detector and cable assembly. The second 
type fiber termination is a ferrule (AMP P/N 1-226953-0) 
with appropriate crimp ring and spring, which is compatible 
with the AMP Optimate multiple-position fiber-optic con- 
nectors designed for PC board applications. 


tTrademark of AMP Incorporated 
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SOURCE ASSEMBLIES 


Two basic types of GaAlAs emitters are used for fiber-optic 
source assemblies. The high-power emitter has a peak- 
emission wavelength of 790 nm for optimum transmission 
through plastic fibers and a radiant risetime of 20 ns. The 
high-speed emitter has a radiant risetime of 10 ns and a 
peak-emission wavelength of 850 nm. All source assemblies 
‘are characterized by the radiant power output Po from the 
end of the integral fiber-optic cable. PO at 100 mA is as 
high as 200 pwW for the high-power emitter and 80 uW for 
the high-speed emitter. 


STANDARD 
TERMINATIONS CABLE FEATURES 
LENGTHS (cm) 
25,50,100 
25,50,100 
25,50,100 
25,50,100 
5,10,25 
5,10,25 
25,50,100 
25,50,100 
25,50,100 
25,50,100 
5,10,25 
5,10,25 


ASSEMBLY TYPICAL RADIANT 
SERIES POWER OUTPUT, Pot 


TXES475* Metal case 
TXES476* Metal Case 
TXES478 Plastic DIP 
TXES479 Plastic DIP 
TXES480 Plasite DIP 
TXES481 Plastic DIP 
TXES485 Metal case 
TXES486 Metal case 
TXES488 Plastic DIP 
TXES489 Plastic DIP 
TXES490 Plastic DIP 
TXES491 Plastic DIP 


High-power sources 
with 20-ns risetime, 
Ap = 790 nm 


High-speed sources 
with 10-ns risetime, 
Ap = 850 nm 


Dopp p pinay yp pp 





‘*See data sheet on page 375. 
tRadiant power output is shown for the 25-cm cable length only. 
ta = amp Optimate single-position fiber-optic connector. 
B = Ferrute for AMP Optimate multiple-position fiber-optic connector 





Figure 2. Plastic Dual-In-Line 
Package for Source and Figure 3. Source and Detector Assemblies on 
Detector Assemblies Microprocessor PC Board 
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Driving the input of the source is easily accomplished with 
standard circuits. The [RED in the on-condition of 100 mA 
forward current has a typical forward voltage of 1.6 V. 
Junction capacitance at 0 V is typically 120 pF. Diode series 
resistance is in the range of 1.5 to 6 2. Since the radiant 
power output is approximately proportional to the input 
drive current, the ideal drive circuit would be a current 
source. Due to the low impedance of the IRED, a current 
source can be approximated by a voltage source and a 
series resistance as shown in Figure 4. The forward drive 
current, IF, can be approximated by 


Vs — 1.6 
where 
Vs = source voltage 


Rs = series limiting resistor 


Another technique commonly used is to to drive the [RED 
directly from a TTL peripheral driver IC as shown in 
Figure 5. Either a series or shunt switch can be used. The 
shunt switch provides a relatively constant load to the 
supply thereby reducing need for bypass capacitors to 
eliminate circuit crosstalk; however, the circuit consumes 
more power. The drive current is also determined by 
equation (1) with Vs = Vcc. Drive current for the series 
circuit B can be determined by 


_ Vee ~ VCE(sat) ~ 1.6 


Rs (2) 


where: 
Vcc = supply voltage 


VCE(sat) = Output collector saturation voltage. 


The recommended operating condition for the source 
assemblies at 25°C case temperature is a peak forward 
current of 100 mA with a duty cycle of 50 percent maxi- 
mum. A 50-mA average diode current maximizes IRED 
lifetime and minimizes IRED heating. For continuous 
operation, a factor-of-2 increase in diode current from 
50 mA to 100 mA increases the radiant power output by 
a factor of 1.9. A slight saturation effect occurs at high 
currents (pulsed or continuous) due to current crowding 
effects in the emitter chip, and higher junction temperature 


due to higher average currents decreases the device efficiency. 


ENABLE 






Vs 


DATA 


ENABLE 


DATA 





SOURCE ASSEMBLY 


Rs 


Figure 4. Source Drive Circuit 


Vbias 


Rs 


SOURCE ASSEMBLY. 


1/2 SN55450B 


(a) Series Switch 






SOURCE =< 


ok, 


(b) Shunt Switch 


Figure 5. TTL Drive Circuit (a) Series Switch 
(b} Shunt Switch 
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DETECTOR ASSEMBLIES 


Two basic types of silicon photodiodes are used for fiber- 
optic detector assemblies. The photodiodes are designed to 
operate in the reverse-bias mode. High-resistivity silicon is 
used to provide good responsivity and low capacitance at 
low voltage. A new high-performance photodiode is fully 


depleted at 5 V and has risetimes of 8ns at 5 V and 3ns 
at 25 V. The detector has a built-in identical reference diode 
for dark-current circuit compensation at high temperatures. 
Also available is a lower-speed photodiode with a risetime 
that varies from 60 ns at 12 V to 35 ns at 50 V. All detector 
assemblies are characterized in terms of radiant responsivity 
Re(a) referenced to the power incident on the input end 
of the integral fiber optic cable. Typically, Re(a) is 0.3 A/W. 


TYPICAL STANDARD 
PACKAGE RESPONSIVITYT, CABLE FEATURES 


LENGTHS (cm) 


ASSEMBLY 
SERIES 


TXED454 Metal Case 25,50,100 
TXED455 Plastic DIP 25,50,100 
TXED456 Plastic DIP 5,10,25 


tp=8nstyp@5V 
Integral reference diode 





*See data sheet on page 351. 
t Responsivity is specifled for 25-cm cable length only 
ta = amP Optimate single-position fiber-optic connector 
B = Ferrule for AMP Optimate multiple-position fiber-optic connector 


Most detector circuits operate with voltage sources and 
voltage-responding circuits. The designer must choose an 
effective way to convert photodiode current to voltage. The 
easiest conversion is done with a simple resistor circuit as 


shown in Figure 6. +*V bias 
Vo =ToRL (3) DETECTOR ASSEMBLY 

However, the value of RL must be low to avoid limiting the <a C. | “a : 

frequency response with a large time constant. The 10% | “a J 


tr(c) = 2.2 RL CT (4) Vo 


where CT = Photodetector capacitance RL 


The total risetime resulting from the detector risetime and 
circuit risetime is expressed by: 


Figure 6. Simple Receiver 
tr(t) = Vtr2 + tric)? Circuit 


Another expression of frequency response is the 3-dB 
bandwidth B: 


0.35 
B = 5 
tr(t) >) 
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A circuit that overcomes the limitations of the simple resis- 
tor technique makes use of an operational amplifier in the 
transimpedance mode as shown in Figure 7. The output 
voltage VQ _ is also given by Equation 3 except that Ri 
becomes ZT, the amplifier transimpedance. The effective 
load on the detector is low and the output impedance of 
the circuit is also low, allowing it to drive a relatively high 
Capacitance. 


Another transimpedance circuit that should be considered 
for use with detector assemblies is the TIEF152 trans- 
impedance amplifier designed for use with photodiodes. 
The transimpedance is typically 12 kQ, and the 3-dB 
bandwidth is typically 20 MHz. Input impedance is typically 
300 2, and output impedance is about 4 2. 





Figure 7. Detector and 


Another important consideration in the design of fiber- Operational Amplifier 
optic data links is noise. Receiver noise is a function of the 

shot noise of the photodiode dark current and the thermal 

noise of Ru (or ZT). Because high-performance detectors +6V 

usually have very low values of dark current, the thermal 
noise is often the dominant factor. 


The equivalent input noise current density is typically 
3 pAA/Hz for the TIEF152 (see the TIEF 152 data sheet). 
The noise bandwidth is equal to 7/2 times the 3-dB band- 
width. Thus, the total noise current is 17 nA. To achieve 
a signal-to-noise ratio of 15, the detector output (amplifier 
input) current must be 225 nA. Since the transimpedance 
is 12 kQ2, the amplifier output signal voltage should be 
3 mV. Additional amplification will still be required to 
achieve the threshold voltages required by most voltage 
comparators used for digital transmission systems. 





In general, longer data links can be accomplished by limiting 
the amplifier bandpass. Narrower bandwidths provide less Figure 8. Detector and 
noise, so that the detector output current (and input TIEF 152 Transimpedance Amplifier 
power) can be lower without degrading the signal-to-noise 

ratio. Lower required input power allows for more attenu- 

ation in the cable for a given source output level. 
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CABLE ASSEMBLIES 


The TXEF402-series fiber-optic cable assemblies consist of ls, 
‘a length of DuPont Company PFX-PIR140 infrared-trans- 1.0 FIBER CENG Ie 
mitting plastic fiber-optic cable with each end terminated 

with an AMP Optimate single-position fiber-optic connector. 
Cable lengths of one meter (3.3 ft) to 50 meters (165 ft ) 
are available. The fiber optic cable has a calculated numerical 
aperture of 0.53. 0.1 
Computed : relative transmission values are shown in 
‘Figure 9 as a function of peak-emission wavelength for 
on-axis radiation from a GaAlAs source. The effective 
attenuation is equal to 380 dB/km at Ap = 790 nm and 
620 dB/km at Ap = 850 nm. The attenuation of nonaxial 
higher-order modes may be higher. 


0.01 


RELATIVE TRANSMISSION 





The cable assemblies are characterized by the transmittance 0.001 
T, which accounts for the combined effects of attenuation 740 760 780 800 820 840 860 880 
losses and interface losses. DIODE PEAK-EMISSION WAVELENGTH (nm) 


Figure 9. 


YPIC. 

ASSEMBLY* LENGTH T (TYPICAL) T(T AL) 

(METERS) @ 790 nm @ 850 nm 
TXEF402M001 1 


TXEF402M003 
TXEF402M006 


TXEF402M010 
TXEF402M020 
TXEF402M030 
TXEF402M040 
TXEF402M050 





*See data sheet on page 357. 


: SS SS Se ecee CURRENT = |, 
10 SOURCE DETECTOR 


ASSEMBLY ASSEMBLY 


| SS SS a DETECTOR CURRENT = Ip 
SOURCE CABLE ASSEMBLY DETECTOR 


ASSEMBLY ASSEMBLY 


! 
CABLE ASSEMBLY TRANSMITTANCE = 7 = i; 


I 
CABLE ASSEMBLY INSERTION LOSS IN DECIBELS = 10 LOG Fi 


Figure 10. Cable Assembly Transmittance Test 
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FIBER-OPTIC DATA-LINK PERFORMANCE 


A complete fiber-optic data link formed from the 100 
various assemblies can easily be implemented and Re(a) = 0.3 A/W 
the performance predicted. The detector current 
output, Ig, for a complete data link is given by: 


Plastic Fiber 


lo = Pot Rea) 


Ap = 790 nm 
Po = 200 pw 


where 
Po = source assembly radiant power output 
T = cable assembly transmittance 
Re(a) = detector assembly radiant responsivity. 


For applications requiring !onger distance, higher 
frequency, or higher temperatures than can be 
achieved with plastic fiber, the use of low-loss glass or 
plastic-clad silica or large-core glass fibers is required. 
The low-loss graded-index fiber (<10 dB/km) has a 0.01 
typical core diameter of 0,06 mm _ that requires. 0 10 20 30 40 50 
expensive, small-area high-radiance optical sources CABLE ASSEMBLY LENGTH (METERS) 

and precision optical connectors. Its numerical 
aperture is about 0.2. For long-distance or 
very-high-frequency applications this type of fiber is 
essential, but it may not be the optimum choice 
for short- and medium-distance applications. The 
plastic-clad silica fibers and large-core glass fibers 
generally have properties between those of the 
plastic fiber and the low-loss glass fiber. The core 
diameter is typically 0,20 mm, the numerical aperture 
is 0.3, and the attenuation is 10 to 50 dB/km. The 
disadvantages of this type of fiber compared to plastic 
fibers are that it is more difficult to terminate and 
more brittle, and has a larger bend radius and smaller 
core diameter. 


DETECTOR CURRENT OUTPUT, Ig (uA) 





Figure 11. 


Po = 200 pW 
Re(a) = 0.3 A/W 
Ap = 790 nm 


10-dB/km Glass-Core Fiber 


For medium-distance links greater than 50 to 70 
meters, a hybrid data link can be constructed using 
cable assemblies incorporating the plastic-clad silica 
fibers or large-core glass fibers with source and 0 100 200 300 
detector assemblies incorporating the plastic fiber CABLE ASSEMBLY LENGTH (METERS) 
(0,37-mm core diameter). For long cable lengths, 
the additional coupling loss due to the area mismatch 
at the source-to-cable connection is more than 
compensated for by the lower attenuation of the 
glass. There is no additional coupling loss at the 
cable-to-detector connection. The hybrid approach 
enables the use of the lower-cost sources, lower-cost 
connectors, and the achievement of more reproducible 
coupling losses. 


DETECTOR CURRENT OUTPUT, Ig (uA) 





Figure 12. 
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NEW PRODUCTS AVAILABLE FIRST QUARTER ‘79 
TRANSMITTER AND RECEIVER IC’S 
FOR FIBER-OPTIC DATA LINKS 


SBP9962 © Converts 8 Parallel Data Lines to Encoded Serial Data 
TRANSMITTER IG Single 5-Volt Power Supply 
@ 1-Megabit-per-Second Serial Data Rate 
e Expandable to 16 Bits 


e 12L Technology 


e 20-Pin DIP 
SBP9963 e Converts Serial Output of PIN Photodiode to 8 Parallel 
RECEIVER IC Data Lines 


e 1-uA Input Sensitivity 

e Single 5-Volt Power Supply 
e Expandable to 16 Bits 

e 20-Pin DIP 


LOW-COST FIBER-OPTIC DATA LINK 


TRANSMITTER RECEIVER 
CRYSTAL CRYSTAL 


| rcaeasal 


DETECTOR 


DATA ACKN ASSEMBLY DATA AVAIL 


3-STATE ENABLE 


SBP9963 ERROR FLAG 
EF D 


8-BIT 
UT 
SERIOEE ie: PARALLEL 
8-BIT CLOCK OUTPUT OUTPUT 
PARALLEL 


INPUT 


SERIAL V 

INPUT CK 
8-BIT A 8-BIT 
PARALLEL . Q,-0y a e- PARALLEL 
INPUT OUTPUT 


SN74LS377 SN74LS165 SN74LS164 SN74LS374 
EXPANSION LOGIC EXPANSION LOGIC 
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